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PART  TWO. 

POLARIZED.  MAGNI i’OELECTRIC  AND  HIGH-FREQUENCY  RELAYS. 


Chapter  Thirteen 


POLAR  RELAY. 


13-1.  General  information. 


The  electromagnetic  polar  relays  possess  high 
sensitivity,  high  control  ratio  (aaplif ication) , by  high 
spe«d  of  response,  by  high  output  factor,  by  snail 
distortion  of  aoaentun/inpulse/pulses,  by  the  directivity  of 
action  (arnature  travel  depends  on  direction  of  flow  in 
windings)  and  they  can  be  used  for  the  work  with  both  the 
currents  of  two  directions  and  by  the  current  of  one 
direction.  The  widest  application  polar  relays  were  obtained 
in  radio-electronic  eguipnent,  equipment  for  autonation. 
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teleaechani.es  and  electrical  coaaunication.  Bat  they  are 

applied  also  in  nany  other  equipaent/devices  as*  for 
exaaple*  for  coaautation,  aaplification*  pulsing,  stepless 
control  of  reversible  aotors  and  for  nany  other  operations. 

Polar  relays  differ  fron  those  who  were  not  polarized 
(neutral)  in  the  fact  that  they  have  two  of  independent  of 

each  other  aagnetic  of  the  flow:  the  polarizing  and  worker 
(or  governing) . 

The  polarizing  aagnetic  flux  is  created  usually  by  the 

peraaaent  aagnets  (in  soae  special  cases  instead  of  the 
peraaaent  aagnets  they  are  applied  elect roaagnets) . 

The  working  (governing)  aagnetic  flux  is  created  by 

windings*  over  which  occur/flow/lasts  the  operating  current. 
Value  and  direction  of  flow  depend  on  the  state  of  the 
circuit  in  which  are  included  these  windings. 

In  the  absence  of  working  coil  current  of  relay  on 
araature,  operate  thrusts,  created  by  the  flows  of  the 
peraaaent  aagnet  (Fig.  13-1). 
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The  nagnetic  flux  d»,  of  the  permanent  aagnet,  passing 
through  the  araature  of  relay,  branches  ox  two  parts:  the 
flow  «!>,.  passing  through  in  left  gap  «t,  and  the  flow  <l>t, 

which  passes  in  right  gap  «2» 

In  the  presence  only  of  these  two  flows,  the  arwature 
of  relay  is  arrange/located  to  the  right  or  to  the  left 
of  neutral  (average)  position.  In  free  position  (i. e.  when 
*1  * *2)  the  araature  is  not  stopped  due  to  the 

instability  of  this  position. 

After  the  connection/inclusion  of  coils  I and  II 

appears  the  suppleaentary  R.H.P.,  which  creates  the  working 
(governing)  flow  which  passes  consecutively  through  both 

gaps. 


Let  us  assuae  that  the  araature  is  located  at  left 
contact  Kf,  then  is  left  gap  sill  operate  the  net  flux 

<1>,  <D,  — a*y.  and  is  right  gap  -f-  a>y. 

At  the  specific  value  of  coil  current  of  relay,  egual 
to  spill  current,  the  attracting  force,  caused  by  flow  <P,, 
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Mill  be  More  than  the 
araatnre  of  relay  Mill 


force,  created  by  floM  <1>,.  and  the 
aove  fron  left  to  right. 


Polar  relay  can  be  controlled  neutrally  or  uith 
f predoainance  to  one  of  the  contacts. 

Neutral  is  called  such  adjustaent  during  Mhich  the 


ar aate re 

of 

relay  is 

aoved  of 

one  contact 

to 

anot  her 

wit  h 

the  identical 

current 

strength. 

In  the 

absence 

of  coil 

current. 

the 

araature 

of  relay 

renains 

at 

the 

contact 

to 

which  it 

vas 

no  ved. 

Neutral  adjustaent 

is 

achieved  by 

the 

synaetrical  location  of  contacts  Mith  respect  to  neutral 
line.  This  adjustaent,  furtheraore,  it  is  called  still 
tuo-position. 


During  adjustaent  uith  coaplete  predoainance,  the 


araature 

of  relay 

after 

the  disconnection  of 

coil  current 

always 

returns  to 

the 

contact  of  rest  KPi 

//  Relay 

also 

can  be 

controlled 

Mith 

partial  predoainance. 

la  this 

case. 

just  as 

during  neutral 

adjustaent,  araature 

of  relay 

in  t he 

absence  of  coil  current  can  be  located  at  any  contact.  But 
the  value  of  spill  current  at  the  overbanking  of  the 
ar nature  of  relay  fron  contact  KP  to  contact  HR  will  be 

aore  (or  less) than  at  the  overbanking  of  arnature  in 

opposite  direction. 
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Fig.  13-1.  The  outline  of  magnetic  value  of  polarized 
relay. 


Eage  498. 

Xf  the  araature  of  relay  spring-mounted,  then  with 
insufficient  constant  value  of  aagnetic  fluz  armature  will 
reaaia  in  the  aid-position  in  the  absence  of  coil  current 
and  will  not  concern  contacts.  This  adjustment  of  relay  is 
called  three- posit ion. 

The  conventional  designations  of  polar  relays  with  one, 
two  and  three  windings,  accepted  in  telegraphy,  are  shown 
to  Fig.  13-2a,  b,  c.  In  the  circuits  of  telephony  and 
automation,  the  polar  relays  frequently  are  designated 


DOC  - 78012425 


PftGB  **  \ [ 0°\ 


otherwise;  examples  of  the  designations  of  a neutral 

two-position  relay  (of  type  A’^-4)  with  one  winding* 

three- position  relay  (of  type  KP-S)  with  two  windings  and  a 
two-position  relay  (of  type  PP-1)  with  predoainance  and  with 

three  windings  are  shown  to  Pig.  13-2d,  e,  f. 


Leadi ng- 

■out  plugs 

f roa 

the 

left  and  right 

of  the 

contacts  of 

relay  of 

the 

type 

HP  are  designated 

respectively 

letters  L 

and 

P. 

leading-out  plug 

froa  araature 

aa  designated  in  letter  Ta.  Upon  the  connection/inclusion  of 
plus  of  battery  at  the  beginning  of  winding,  and  ainus  - 


toward  the 

end  of 

the  araature 

winding 

cf 

relay  is 

closed 

with  right 

contact. 

In  the 

absence  of 

coil 

current , 

t he 

araature  of 

relay 

of  type 

if  P -1 

always 

concerns  right 

contact. 


13-2.  Classification  of  polar  relays. 


Polar  relays  can  be  classed  according  to  the  circuit 
of  aagnetic  circuit  and  according  to  the  construction  of 

the  reed  of  araature. 


\ 1 


» 
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According  to  the  circuit  of  aagnetic  circuit,  the  polar 
relays  are  divided  into  three  groups:  with  consecutive 
Magnetic  circuit  (Pig.  13-3a) , with  parallel  or  differential 

aagnetic  circuit  (Pig.  13-3b,  c)  and  uith  bridge  aagnetic 


circuit  (Pig.  13-3d,  e. 


h). 


r 
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Pig.  13-2.  The  conventional  designations  of  polar  relays  in 
the  circuits:  a,  b.  c|  in  telegraph  circuits;  d,  e,  £)  in 
telephone  circuits. 

Page  499. 

In  series  circuit  of  aagnetic  circuit,  the  polarizing 
■agnetic  flux  of  the  peraanent  sag  net  and  the  governing 
(alternating/variable}  aagnetic  flux,  created  bj  windings, 
pass  along  one  ccaaon  circuit. 

In  relay  with  differential  circuit  of  aagnetic  circuit, 
the  flow  froa  the  peraanent  aagnet,  passing  through 
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araitun,  branches  on  two  opposite  paths  to  cores  1 and  2, 
and  on  arnature  operates  a difference  in  these  flows. 

Alter  nat in q/variab le  eaqnetic  flux  is  not  virtually 
branch/shunted  into  the  circuit  of  aaqnet,  since  the 
resistor/resistance  of  this  path  is  qreat  in  coaparison  with 
the  res istor/resistance  of  the  circuit  of  cores. 


Relays  with  bridqe  circuit  of 
divided  into  two  subgroups:  with 
(undivided)  and  divided  paths  of 
eaqnetic  fluxes  (with 


aagnetic  circuit  are 
the  coenon/qeneral/tota  1 
the  polarising  and  aanaqer 
working  air  gaps)  . 


four  and  two 
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Pig.  13-3.  Circuits  of  the  sagastic  circuits  of  the  polar 
relays:  a)  consecutive;  b,  c)  parallel  or  differential;  d, 
e)  bridge  with  the  coaaon/general/total  paths  of  the 
polarizing  and  aanager  of  flows;  f,  g)  bridge  with  the 
divided  paths  of  the  polarizing  and  aanager  of  flows;  h) 
dual  bridge  with  the  divided  paths  of  the  polarizing  and 


aanager  of  flows. 


Page  500. 
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In 

bridge  circuit  of  the  first 

subgroup 

(Pig. 

13-3  d,  e) 

the 

polarizing  aagnetic  flux 

is 

directed 

along 

the  fra  ae work 

of 

aagnetic  circuit  with  the 

pole  pieces 

and 

across 

araature;  however,  the 

part  of 

the 

polarizing 

flux 

is 

branch/shunted  and  passes  also 

along 

araature. 

but 

go  verning 

flow  is  directed  along 

araature 

and 

f raaework. 

In 

the 

circuit  of  the  second 

subgroup 

(Pig. 

13-31.  g) 

the 

polarizing  and  governing 

flows 

pass 

along  different 

paths. 

The  polarizing  flux  is  directed  along  the  upper  half  of 
araature,  and  governing  - across  the  lover  part  of  the 
araature  and  along  core  with  the  pole  pieces. 

To  Pig.  13- 3h,  is  shovn  the  diagraa  of  the  dual 
bridge  of  the  aagnetic  systea  of  relay  of  the  type  BPS. 

In  it  the  paths  of  the  polarizing  and  governing  flows  are 
divided.  The  polarizing  fluxes  pass  across  the  end/leads  of 
the  araature,  and  aanager  - along  araature  and  cores  of 
relay. 


A considerable  decrease  in  section  and  weight  of 
araature  (without  the  danger  of  its  saturation)  is  possible 
only  when  the  polarizing  flux  is  directed  not  lengthwise, 
but  it  is  perpendicular  to  the  plane  of  araature. 
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JCn  the  equivalent  circuits  of  eagnetic  circuits  on  Pig. 
13-3,  sources  of  constant  and  alternating/variable  magnetizing 
force  are  designated  in  snail  circles,  gap  reluctance  - by 
the  signs  of  effective  resistance  and  the  reluctances  of 
the  f erroaagnetic  sections  of  the  aagnetic  circuit  of  relay 
- by  the  signs  of  inductance. 

By  the  construction  of  contact  systea.  the  polar  relays 
are  divided:  1)  on  relay  with  the  flexible  contact  stud  of 
arnature  and  the  rigid  fastening  of  fixed  contacts  (Pig. 


13- 4a,  b) 

» 2)  on 

relay 

with 

the  rigid 

contact 

stud  of 

arnature 

and  with 

the 

rigid 

fastening  of 

fixed 

con  tact  s 

even  3) 

on  relay 

with 

the 

rigid  contact 

stud 

of  arnature 

and  with  the  flexible  attachment  of  fixed  contacts  (Pig. 
13-4cj  . 


Flexible  contact  stud  (Pig.  13-4a)  consists  of  two 
flat/plane  bronze  springs  1 with  contacts  2,  strengthened  to 
the  end/lead  of  arnature  3.  The  free  end/leads  of  these 
springs  are  bent  and  press  to  each  other  fron  a 
by  effort/force. 

With  the  inpacts  of  slide  contacts  against  notionless 
springs,  they  are  bent  and  their  end/leads  with  friction 


I 


i 
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are  moved  relative  to  each  other,  in  consequence  of  which 
the  large  part  of  the  kinetic  kinetic  energy  of  armature 
it  is  absorbed  with  friction  of  these  springs. 


Pig.  13-4.  Contact  systeas  of  the  polar  relays:  a)  ar nature 
nith  flexible  reed  of  t«o  springs;  b)  araature  with 
flexible  reed  of  three  springs;  c)  araature  with  rigid  reed 
and  the  flexible  attachaent  of  fixed  contacts. 

Page  501. 

For  stabilization  in  the  tine  of  the  coefficient  of 
friction  between  two  contact  springs  1,  sonetines  is  placed 
third  fine/thinner  spring  4 (Fig.  13-4b) whose  surface  is 
covered  with  the  thin  layer  of  silver. 

Of  relay  with  rigid  reed  and  the  flexible  attachaent 
of  fixed  contacts  (Fig.  1 3- 4c)  the  kinetic  energy  of 
araature  is  absorbed  with  friction  of  the  end/leads  of 
springs  5 against  supporting  screw/propellers  6,  pressure  on 
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The  aagnetic  relay  circuit  of  types  BP  aad  of  RPB  is 
constructed  according  to  bridge  circuit  rig.  1J-3f  in  which 
the  path  of  constant  and  governing  (alternating/variable)  of 
aagnetic  fluxes  are  divided.  Governing  aagnetic  flux  is 
directed  across  araature. 

The  peraanent  aagnet  of  L-shape  Bade  of  an 
aluainua-nickel  steel  together  with  the  pole  piece  (shoe) 
aade  of  aild  transforaer  steel  of  brand  E A is  flooded  into 
the  siluain  base  of  relay. 


Section 


of  aagnet  7.2  x 17.2  aa,  length  23  aa. 


Pag*  50  2. 

To  cap  two  screw/propellers  screwed  on  the  aagnetic 
circuit  in  the  fora  of  the  extended  rectangle,  assembled 

froa  sheet  aolybdenua  Peraalloy  by  thickness  1 an;  the 
section  of  the  cor*  of  aagnetic  circuit  3.8  x 4 aw, 

average  length  its  90  aa. 
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On  core  is  arrange/located  the  coil  froa  black  aonolith 
oa  which  it  is  coiled  froa  one  to  seven  windings.  Length 

of  the  winding  space  of  coil  24.8  aa,  height  8.1  ma. 

Inner  diaaeter  of  the  winding  7.4  aa.  Egui  Talent  resistance 
of  oae  tarn  of  the  winding  10.9*10'*  by  oha  ( k 3 = 0.39). 

Section  of  the  packet  of  the  pole  pieces  9.5  x 10  an. 


The  araature  of  the  relay  is  riveted  of  two  plates  of 
aild  transforaer  steel  by  section  1 x 7 aa  is  fastened 
(it  is  suspend/hung)  on  fine/thin  steel  spring  within  the 
silaain  framework.  The  thickness  of  spring  depends  on  the 
aode  of  the  adjustaent  of  relay  and  is  withia  the  liaits 

froa  0.15  to  0.28  aa.  The  width  of  spring  is  egual  to 

0.8  an  and  length  its  not  1*5  aa  froa  each  side.  For  the 
stabilization  of  the  position  of  araature,  suspension  spring 
is  stretched  with  force  of  approxinately  7 kgf.  To  araature 
are  riveted  two  contact  springs  froa  a t in- phosphor ous 

bronze  by  thickness  0.20  aa  with  contacts  froa  alloy 
PlI-10.  For  absorbing  the  kinetic  kinetic  energy  of  araature 
by  friction  the  end/leads  of  springs  1 are  bent  and  press 

to  each  other  with  force  21-26  g (Pig.  13-4).  Frictional 
area  of  these  springs  of  approxinately  2x5  aa.  Araature 
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and  the  contact  systea  of  relay  are  asseabled  on  separate 
ceranlc  base.  The  silunin  fraaework  with  araature  is  screwed 
on  by  two  screa/propellers  to  the  base  fron  ceraaics,  at 
other  end/lead  of  which  are  fastened  two  contact  are  stable 
with  aotionless  contact  springs  and  the  adjusting  screws. 


Contacts 

have 

spherical  contact 

surface.  Distance 

between 

the 

contacts 

0.08 

an.  Air  gap 

between  aagnet  and  araature 

0.3 

the 

gap 

between  pole 

pieces  and  araature  2 

x 0.45 

aa. 

The 

end/leads 

of  windings 

and 

circuit  of  contact 

systea 

are 

soldered 

to 

16  flat/plane 

tags 

i(coaautator  bars) 

of 

special 

plug 

froa 

phenoplast. 

This 

block  is  attached 

by  two 

screw/propellers  and  two  guide  pins  to  silunin  base 
(housing) . 

For  the  inclusion  of  relay  into  circuit,  is  applied 
special  coupling  block  to  16  sockets^ 

is  the  relays  of  types  AP- 3 and  AV'-U  two-position, 
they  have  neutral  adjustaent  with  the  nagnetic  blocking  of 
araatore.  Contacts  are  establish/installed  syaaetr ical ly 
relative  to  neutral.  Kith  the  disconnection  of  araature 
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current,  of  relay  is  held  at  that  pole  to  which  it  was 
pullled. 

A relay  of  type  KP-3  is  characterised  by  froe  relay 
of  type  pp-k  saaller  sensitivity  (3-8  a wpere- turns) , by 
large  pressure  in  contacts  in  the  absence  of  coil  current 
(3-7  g)  because  of  a fine/thinner  suspension  spring  of 
araatare  (0.15  aa). 

Page  503. 


Relays  of  tyP«  BP-5,  three-position  polarised.  The 
araature  of  relay  in  the  absence  of  excitation  is  located 
in  the  aid- posit  ion  and  clear  contacts. 

The  construction  of  all  these  three  aodificatio ns  of 
relay  is  identical,  but  a relay  of  type  *^-5  is 
characterized  by  fron  relay  of  type  f}P~  4 larger  thickness 
of  the  suspension  spring  of  araature  (0.28  aa  instead  of 
0«:23  aa). 

A relay  of  type  BP- 7 is  the  two-position  polar  relay 
with  predoainance.  Both  contacts  are  arrange/located  along 
one  side  froa  neutral.  In  the  absence  of  coil  current,  the 
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tip 

armature  o£  relay  of  type  rp-  7 is  always  pressed  to  right 
contact. 

Belays  are  shielded  fros  dust  and  the  aechanical 
daaages  by  detachable  aluainua  jackets. 

Overall  diaensions  27.5  x 41  x 96.5  an,  weight  with 
jacket  of  approxiaately  170  g. 

The  fundaaental  parameters  of  relay  of  type  BP-4,  RP-5 
and  BP-7  are  given  in  table  13-1. 


relay  of  the  type  HPB  (non-ceramic)  differ  from  relay 
of  the  type  BP  in  the  fundaaental  the  fact  that  do  not 

have  the  ceramic  base.  They  also  are  manufactured  in  three 
analogous  aodif ications:  rpb-4,  r*b-5  and  tpb-7.  The  siluain 
fraaework  with  arnature  and  the  struts  with  the  notionless 
contact  springs  of  the  relay  of  the  type  HPB  are  fastened 
on  the  flanges  (boss/inflows)  of  siluain  fcase  and  are 
isolate/insulated  froa  the  latter  by  plugs  froa  plastic 
(K214-2)  and  by  washers  froa  fiberglass  laainate. 


According  to  the  data  of  the  windings,  sensitivity  and 
other  parameters  of  relay  of  the  type  BPB  are  approxiaately 
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BPS  consists 


of  the  upper  and  lover  nassive  bases  of  circular  shape  of 


steel  of  brand  E 


by  thickness  with 


respect  4 and  6 ■■  between  which  are  jamed  two  permanent 


■agnets  by  section  8.5  x 16  ■■  by  length  10.5  ■■  fron 


alloy  anko-2 
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Page  505. 

Magnets  are  tightened  four  by  screw/propellers  (HZ)  aade  of 
the  stainless  steel  (lKh18M9T),  covered  into  lower  base.  The 

face  of  aagnets  is  ground  in  circuaference,  the  weight  of 
aagnet  7 g. 

In  upper  base  are  pressed  two  pole  pieces  of 

cylindrical  fora  by  diaaeter  12.5  aa  aade  of  steel  A12 
with  seaicircular  projecting  turnings  ("grapplers")  at 
end/leads. 

In  shoes  are  drilled  the  open-end  holes  of  conical 
shape  by  diaaeter  4.2/6  aa  into  which  are  pressed  brass 
screwed  sleeves  for  adjusting  screws  (f)3  x 16  an).  Plugs 
are  isolate/insulated  fron  caps  by  separators  and  washers  of 

aica  by  thickness  0.045  an  and  glass  tape  (0.1  aa), 

nr 

saturated  with  cenent  bf-2.  In  the  end/lead  of  the 

adjusting  screw,  are  pressed  NaotionlessN  area  contact  by 


diaaeter 

2.2  aa 

by  height 

0.6 

an 

froa  platinua 

fusion  with 

rhodiua 

( lOo/o) . 

Upper  end 

of 

the 

adjusting  screw 

has 

screwdriver  slot 

and  lock 

nut 

for 

the  attachaent 

of 

screw/propeller  after  gap  adjustnent.  In  lower  base  against 
pole  pieces  of  caps,  are  sealed  in  two  bronxe  plugs  (by 
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diaaeter  9-  1/6.5  aa)  with  the  thread  into  which  are  covered 

the  poles  of  the  cores,  prepared  froa  the  alloy  of  80»Khs. 

Base  has  two  gashes,  passing  through  plugs.  After  the 

adjustaent  of  air  gap,  the  poles  of  cores  are  plug/stopped 

by  two  auxiliary  screw/propellers,  covered  into  the  end/face 
of  base,  the  diaaeter  of  cores  4 aa  the  diaaeter  of  pole 

along  thread  8 aa.  Between  the  pole  and  the  core,  there 
is  a hexahedron  for  the  rotation  of  core  during  gap 

adjustaent  between  pole  and  araature. 


To  the  free  end/leads  of  the  cores,  are  put 
coils  with  f raaework/bodies  froa  plastic  <k>214-2) 
windings.  The  aagnetic  circuit  of  cores  is  closed 
cross  connections  (plates)  froa  Peraalloy  (0.5  aa) , 

Fress  coi  Is  with  aid  of  two  nuts.  Inner  diaaeter 
windieg  5.6  aa,  the  height/altitude  of  winding/coil 
(5.2)  aa  aad  leagth  21.4  aa.  Equivalent  resistance 
turn  of  the  eliding  7.45*10  * by  oha  with  A,  * 
Value  rm  - 2.1M0-*  oha. 


on  the 
a nd 

by  two 
that 
of  tho 
4.5 

of  one 
0.39. 


Araat ure 

consists  of 

two  plates. 

stanped  of  sheet 

Peraalloy 

of 

the 

brand 

of  N79H4 

*>T 

thickness  0.5  aa. 

The 

end/leads 

of 

the 

plates 

are  cut 

off 

in  circuaference; 

of 

lower  araature  plate  the  end/leads  are  bent  upwards  and 
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encoapass 

the 

end/faces 

of  upper  amature 

plate. 

In  upper 

ar  nature 

plate 

against 

the  adjusting  screws  with 

f i red 

contacts. 

there  are  two 

opening/apertures 

through 

wh  ich 

pro ject/energe 

the  slide 

contacts,  riveted 

to  the 

contact 

spring  of  araature. 

Between  araature  plates  are  arrange/  located  contact 
spring  fron  bronze  BrB2tv  with  thickness  0.15  ea  with  two 
contacts  on  end/leads,  the  spring  spring  froa  the  sane 
bronze  and  the  suspension  spring  on  which  the  amature  is 
suspended  to  bracket. 


aps- 

The suspension 

spring  of  the  araature  of  relay 

of  type 

■5  has  width  0.8 

aa  and  working 

length  2 z 2. 8 

aa,  it 

is 

aade  froa  bronze 

BrB2tv  with  a 

thickness  0.3  aa. 

All 

these  springs  after 

production  pass 

heat  treataent. 

Page  506. 


Araature 

plates  and 

the 

locating  between 

then 

springs 

are  tightened 

in 

aiddle 

two  hollow  rivets 

and 

stainless 

steel.  Weight 

of 

araature 

1. 

5 g.  Disaster  of 

the 

slide 

contacts  1.8 

height 

1.2 

aa  a radius  of 

working  surface 

2 ib.  Distance  between  the  contacts  2 i 0.08  aa. 
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The  end/leads  of  the  suspension  spring  of  araature  are 
riveted  to  the  bracket  froa  bronxe  BrB2  which  with  the  aid 
of  screw/propeller  and  two  pins  is  attached  on  the  upper 

base  of  relay.  The  slide  contacts  of  relay  have  connection 

with  nagnetic  systea,  but  aagnetic  systea  is 

isolate/insulated  froa  support  by  separator  of  getinax  by 
thickness  0.5  aa#  and  the  fastening  screw/propellecs  - by 

textolite  plugs. 

A relay  of  type  BPS-5  is  three-position.  Air  pole  gap 
of  core  and  araature  2 x 0.4  aa,  radial  clearance  between 

faces  of  lower  araature  plate  and  the  turnings  of  the  pole 

pieces  2 x 0.15  aa. 

Uf->3 

As  relays  of  type  rps-4  two-position,  it  has  neutral 
adjustaent.  In  connection  with  the  fact  that  the  spring 

spring  of  araature  is  unavailable  for  regulation#  the 
contacts  of  relay  of  type  rpe-4  have  sufficiently 

considerable  vibration. 

A relay  of  type  HPS-7  is  two-position  relay  with 
predominance. 


I 


. 
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In  the  absence  of  coil  current,  the  araature  of  relay 

/>'S 

of  type  rps-7  is  always  pressed  to  right  contact. 

The  construction  of  all  three  aodif ications  of  relay  is 
identical,  the  relay  of  types  RPS-4  and  RPS-7  is 
characterized  by  froa  relay  of  type  RPS-5  saaller  thickness 
of  the  suspension  spring  of  araature  (0.2  aa  instead  of 
0.3  aa). 


The  aagaetic  systen 

of 

relay 

is  screwed 

on 

by  two 

screw/propellers  to  the 

cast 

strut 

(.bracket) 

froa 

a luni run 

alloy  ruby- colored- 2.  To 

the 

base 

of  strut. 

is 

att  ached 

cut-in  sixteen-contact  plug  froa  plastic  of  circular  shape. 

Relay  is  shielded  by  a jacket-screen  of  cylindrical 
fora  aade  of  steel  EA  with  thickness  0.5  an.  Jacket  is 
fastened  to  strut  with  two  screw/propellers.  Jacket  flanged 
of  square  fora  with  four  openings  for  fastening  re  lay  on 
the  corners.  Between  the  jacket  and  the  receptacle  laid 
packing  ring  froa  the  thelastoner  G£— B - 301  of  circular 
section  as  disaster  2.5  aa.  Jacket  is  painted  by  the  color 
of  gray  color. 


F 
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Overall  dlaensions  of  relay  44  x 44  x 95.5  n.  Height 
with  jacket  200  g,  without  jacket  145  g. 

13-5.  A polar  relay  of  the  type  PS11. 

I 

; | 

[I  | 

I The  ainiature/saall  polar  relays  of  the  type  S 1 1 (Pig. 

13-7)  have  saaller  overall  diaensions  and  weight,  than  relay 
of  the  type  BP  are  aanufactured  respectively  in  four 
■odif ications:  RPS11/3,  RPS11/4,  RPS11/5  and  RPS11/7. 

Page  507. 

Relays  of  the  tvDe  RPSl 1 x re  int  onH  f nr  onorAf  i nn 


Relays  of  the  type  RPS11  are  intended  for  operation 
during  changes  in  the  teaperature  froa  -40  to  t50°c. 


relative 

air 

huaidity  to 

98o/o  at  teaperature  of 

♦ 20°C, 

vibration 

in 

the 

range  of 

frequencies  fron  15  to 

55  Hz 

with  acceleration 

1.5-3  g 

and  linear  accelerations 

to  5 g . 

Relay  nainta in/withstands  vibration  test  in  the  range  of 
frequencies  fron  30  to  45  Hz  by  acceleration  to  6 g and 


DOC  - 78012*25 


tasting  for  iapact  strength  during  acceleration  to  50 
(2000  iapacts) . 


The  aagnetic  systen  of  relay  of  the  type  RPS11  is 
analogous  to  the  aagnetic  systen  of  relay  of  the  type 
but  araature  has  another  construction  of  suspension* 


Araature  is  welded  to  the  flat/plane  suspension  spring 
working  to  curvature  and  attached  by  one  end/lead  on 
siluain  strut. 
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Page  508. 

Between  two  contact  springs  is  arrange/located  the  third 
fine/thin  silver- plated  spring  (Fig.  13-4b)#  that  ensures  the 
stable  coefficient  of  friction  .between  the  end/leads  of 
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contact  springs  and,  therefore,  the  absence  of  shaking  of 
contacts.  The  base  froa  ceramics  on  Nhich  are  fastened  the 
fixed  contacts,  has  siapler  fora,  than  in  relay  of  the 
type  BP.  Relay  is  equipped  by  plastic  cut-in  block  with 
sixteen  tags  and  shielded  detachable  aluainua  jacket. 

Overall  diaensions  of  relay  21.5  x 40  x 64.1  (77.1) 

aa,  weight  100-125  g.  Belay  can  have  to  seven  windings. 

The  aapere-turns  of  the  function  of  relay  of  the  type 
BPSl 1/3  are  equal  to  4-10  aapere-turns  the  type  of  RPS11/4 


are 

equal  to 

1-4  aapere-turns 

the 

type  of 

BPS11/5  are 

egual 

to  1-4 

aapere- 

turns  and 

the 

type  of 

BPS11/7  are 

equal 

to  4-10 

aapere 

-turns. 

The  power 

of  the  function 

of 

relay  cf 

the 

type 

"BPS  11/4  "and 

RPS11/5 

is  equal 

to 

0.01-0.  16 

aB, 

re  lay 

of 

the 

type  BPS  11/3  and  RPS11/7 

it 

is  equal 

to 

0.1  6-1. 

04 

SN. 

Pressure 

in  the 

circuit  closing  contact 

of 

relay 

of 

the 

type  RPS11/7  is 

not  less 

than 

2 g,  in 

breaking 

4 g. 

Gap 

between  contacts 

0.06-0.08 

aa. 
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Pig.  13-8.  k polar  relay  of  the  type  BPS18. 


Page  509. 


Belays  of  the  type  RPS18  are  iatended  for  operation  at 

aabient  teaperature  froa  -50  to  ♦80°C,  relative  air  huaidity 
to  95o/o  at  teaperature  of  20°C,  ataospheric  pressure  to  5 

aa  Hg , with  vibration  in  the  range  hour  of  froa  20  to  50 

Hx  with  anplitude  1 aa  and  froa  50  to  600  Hz  with 
acceleration  2.5  g (RPS18/5  is  10  g)  and  linear 

accelerations  to  20  g. 


The  resonance  frequency  of  the  aovable  system  of  relay 
of  the  type  BPS18/5  is  within  the  liaits  froa  1100  to 
1400  Hz,  and  relay  of  the  type  RPS18/7  - within  liaits 
320-360  Hz  and  900-1100  Hz,  but  at  these  frequencies  of 
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relay,  they  do  not  auto/self-wear/operate  during  acceleration 
10  g. 

A relay  of  the  type  BPS18  has  a circuit  of  magnetic 
circuit,  analogous  to  relay  of  the  type  BPS. 

Armature  consists  of  the  thin  plate  of  Permalloy  with 
the  bent  back  at  right  angles  edges  and  cross-shaped  spring 
of  beryllium  bronze  which  simultaneously  serves  as  the 
contact  and  suspension  spring,  working  for  twisting.  Is 
establish/installed  armature  on  support,  attached  on  the 
upper  base  on  which  are  arrange/located  two  plugs  with  the 
fixed  contacts,  isolate/insulated  by  glass. 

Belay  is  mounted  on  plastic  board  with  nine  times 
leadiog-out  plugs  and  two  bolts  for  attachment  and  shielded 
detachable  jacket  from  plastic.  It  can  have  to  three 
independent  windings. 

The  power  of  the  function  of  relay  of  the  type 
BPS18/4  upon  connection/inclusion  of  one  of  the  two  windings 
is  within  the  limits  from  0.4  to  1<.  6 mW  (4-8 
ampere-turns),  relay  of  the  type  BPSI8/5  - from  0.9  to  4.9 
mil  (6-14  ampere-turns)  and  a relay  of  the  type  BPS18/7  - 
from  0.9  to  8.1  inW  (6-18  ampere-turns). 


•« 


nnr 


*y Qr\  i in 
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The  service  life  of  the  contacts  of  relay  with 


resistive 

load  0.25  A - 30 

V 

is 

not 

less 

5*10* 

functions. 

and 

with 

inductive  load  0.4 

- 

30  V 

are 

not 

less  than 

103 

functions.  Insulation  resistance 

As 

more 

than 

100  HQ , 

with 

the 

increased  humidity 

it 

is 

not 

less 

than 

1 0 HQ. 

The  testing  voltage  of  insulation  50Q  V eff.,  between  dead 
contacts  - 350  V eff. 

overall  dimensions  33.5  x 40  x 23.3  (33)  mm,  weight 
65-80  g. 


13-7.  Hiniature  polarized  relay  of  the  type  BPS20. 


The  ainiature  airtight  polar  relay  (the  remote- control 
switch)  with  two  stud  switches  of  the  type  RPS20  (Fig. 

13-9)  is  manufactured  only  with  two-position  adjustment  (with 
the  magnetic  blocking  of  armature  in  its  end  positions). 

Belay  is  intended  for  operation  at  ambient  temperatures 
from  -60  to  ♦60°c,  relative  humidity  to  98o/o  at  ♦20°C, 
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ataospheric  pressure 

froa 

5 to 

760 

aa  Hg, 

vibration 

in 

t he 

range  of  frequencies 

froa 

5 to 

50 

Hz 

with 

aaplitude 

1 

froa  50  to  600  Hz 

with 

acceleration 

12 

1 

and  froa 

600 

to 

2000  Hz  with  acceleration  10  g with  linear  accelerations  to 
25  g#  and  iapacts  with  acceleration  to  100  g. 


Page  sio. 

Relay  lids  the  differential  polarized  two-coil  magnetic 
system  with  flat/plane  syramet r ica  l armature.  Magnet  is 
ar range/located  between  coils.  Foundat ion  (base)  has  oval 


form  and  it  is  made  from  sheet  Kovar  alloy. 


Contact  system  consists  ot  two  stud  switches  and  it  is 
mounted  on  the  basis  of  relay-  The  tixed  contacts  are 
soldered  to  the  internal  enu/leads  of  the  leading-out  pins 
from  Kovar  alloy,  i sola* e/insu l at ed  from  foundation  by  glass 
insulating  beads.  Movable  contact  > are  pressed  into  the 
flat/plane  contact  springs,  soldered  a Iso  to  leading-out 
pins.  For  the  transmission  of  e t t art /force  to  movable 
springs,  the  armature  is  equipped  by  two  glass  beads. 

Relays  shielded  seamless  brass  brow,  which  after 
assembly  and  adjustment  of  relay  is  soldered  to  foundation. 
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Relay  has  two  independent  windings.  Power,  necessary  for 
the  function  (over-banking)  of  armature  upon 

connection/inclusion  of  one  of  the  windings,  are  equal  to 
0.4-0. 6 W (two  ser ies-connected  windings  0.2-0.  3 W) . The 


service  life 

of  contacts  with  the  resistive  load 

0 f 

2 

32  V 

or  3A 

-20  V 

is 

not  less  than  10*  functions. 

The 

ti  me 

of  triggering 

of 

relay  with  nominal  voltage 

is 

not 

more 

than  10 

ms. 
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13-8.  Polarized  remote-control  switch  of  the  type  DP-12. 


The  miniature/small  airtight  polarized  remote-control 
switch  with  twelve  stud  switches  ot  the  type  DP-12  (Fig. 

13-10)  has  two- posit,  ion  regulation  (with  the  magnetic 
blocking  of  armature). 

Switch  is  intended  for  operation  at  temperatures  from 
-60  to  ♦ 80°C,  relative  humidity  to  48c/o  at  40°C, 
atmospheric  pressure  from  5 to  760  mm  llq,  vibration  in  the 
range  of  frequencies  from  20  to  50  ilz  with  amplitude  1 mm 


and  from  50 

to 

1500 

Hz 

with  acceleration  10  g. 

1 inoa  r 

accelerations 

to 

25g 

and 

impacts  with  acceleration 

75  g 

(impact  strength 

to 

150 

<])  - 

The  magnetic  system  of  switch  consists  of  steel 
framework,  four  cores  with  coils,  flat/plane  magnet 
(arrange/located  between  them)  and  the  common/general /tot al 
symmetrical  armature  of  rectangular  form. 


£on®  paragraph  *i»sing  d«e  to  poor  copyO 
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Fig.  11-10.  Reiote-cont rol  snitch  of  type  DP-12 


Normally  armature  is  pullled  to  one  pole  pair  (cores) 


after  t lie  supply  of  the  short 


rn  current  pulse  of 


opposite  direction  in  the  second  armature  winding  i 


moved 


to  another  end  position  (to  another  pule  pair)  and  it 


change 


contacts 


Switch  is  shielded 


jacket  which  after 


assembly  and  adjustment  of  contact 


ystora  is  soldered  to 


foundation.  Switch  has  4 windings  by  resistor/resistance  on 


420  ohm  each.  Actuation  voltado  on  each  of  the  windings 


the  voltage  of  failure  10 
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The 

power. 

necessary 

for 

t lie 

f u net i on 

of  switch 

w ith 

the  aid 

0.  70-0. Hb 

of  one 

w. 

of 

the 

four 

wind 

lings. 

is 

equal  to 

The 

service 

life 

of 

cont act  s 

with 

t he 

resist i vo 

1 oad 

A - 32  V 

of 

direct  current 

or 

t 

A - IIS  V 

of 

alter  nat ing 

current  by  frequent 

:y 

4 00 

:lz  is  not 

less 

10*  functions. 

with  the  load 

10 

A 

- 32  V it 

is 

than  100  closing/shoct i ngs.  Triggering  t 1 roe  is  not  aoro  than 
12  ms-  Insulation  resistance  is  more  than  100  HO.  The 
testing  voltage  of  insulation  S00  V < ' 1 1 - 

The  overall  dimensions  of  switch  m t 40  x 4 1 (4H.S) 
mm,  weight  are  not  more  than  220  tj* 


13-0.  Polarized  local  relay  of  th«  type  trh. 


A polar  relay  of  the  typo  TRH  (fig.  11-11)  is  applied 
in  equipment  for  automation,  and  also  in  telegraph  circuits 
as  the  transmitting  and  local  relay. 
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Relays  of  the  typo  TRN  are  intended  for  operation 
during  changes  in  the  ambient  temperature  from  0 to  ♦ 50°c 
and  relative  humidity  to  950/0  at  temperature  of  20  ♦ 

10 °C.  Relays  mai ntai n/withstand  vibration  with  frequency  10-70 
Hz  during  accelerations  respectively  (5-1)  g during  JO  min 
and  agitation  with  impact  acceleration  to  75  g. 


The  magnetic 

relay 

circuit  of 

the  t y pe 

TRN 

is 

constructed  according  to 

dif  f eren  t.  ia  1 

circuit 

and 

co  ns is  ts 

two  cores  with 

coi Is, 

t VO 

permanent 

magnets 

and 

the 

armature,  which 

rota  tes 

on 

the  axis 

between 

magnet  poles 

and  cores. 

The  circuit 

of  the  magnetic  relay 

circuit 

of 

the  type 

TRN  is  given  in 

Fig.  13- 3c,  path  of 

constant 

and 

t he 

manager  of  flows  in  cores  are  not  divided. 

Two  paragraphs  missing  duo  to  poor  copy. 

In  the  middle  of  armature,  is  attached  the  steel 
polished  axis,  which  rotates  in  the  bronze  pluqs,  pressed 
in  the  housing  of  relay.  The  center  cf  gravity  of  armature 
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coincides  with  the  rotational  axis,  arranqe/located  between 
the  poles  of  the  permanent  magn-'ts. 

Page  513. 


Magnets  have 

U-shape 

form 

a nd 

a re 

m a de 

made 

of  ban 

chromic  magnet 

steel  of 

the 

brand 

o f 

YeKhZ- 

The 

section 

each  magnet  3 

X 

8 am. 

length  is 

about  40 

mm. 

Relay  is  mounted  on  silumin  foundation,  it  is  equipped 
ty  plug  with  eight  by  leading-out  "banana"  receptacles  and 
it  is  shielded  by  jacket  from  plastic. 

On  each  coil  of  relay  of  the  type  TRW,  are  wound  two 
windings  on  2300  turns  from  wire  by  diameter  0.13  mm  of 
the  brand  PEL.  Resistor/resistance  cf  tho  first  winding  to 
direct  current  85  ohm,  second  1 10  ohm. 

Upon  the  series  connection  of  winaings,  the  first 
winding  of  one  coil  is  connected  with  the  second  winding 
of  another,  and  vice  versa,  forming  two  windings  of  relay. 

Length  of  the  winding  space  of  each  coil  24  mm, 
height  5.5  mm;  the  inner  diameter  ot  the  winding  7 ram. 
Averaged  resistor/resistance  of  one  turn  of  winding  5.5  X 
X Iff**  ohm  mith  k,  * 0.39.  Value  Cm  = 2,15-10~*  ohm. 
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Table  11-1. 


Fund  aeental 


characterist ics 


of 


polar 


relays. 
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Page  516. 

The  contact  system  of  relay  consists  of  two  motionless 

struts  with  the  adjustable  micrometric  clamping  screws  and 
the  slide  contacts,  riveted  to  two  steel  plates, 
strengthened  to  armature-  on  the  caps  of  the  adjustable 
clamping  screws,  are  plotted/appl ieo  the  divisions,  the  valu 
of  each  division  0.01  mm.  After  the  installation  of  the 

gap  between  contacts  the  adjusting  screws  fastened  by  set 
sere  ws. 

Contacts  have  flat/plane  contact  surface.  The  material 

of  contacts  is  platinum.  Distance  between  the  contacts  0.10 
mm.  Air  gap  between  magnet  and  armature  0.10-0.15  mm.  Gap 
between  pole  piece  and  armature  0.2  mm. 

A relay  of  the  type  TPM  has  normally  neutral 
adjustment.  The  sensitivity  of  relay  depending  on  adjustment 

can  vary  from  18  to  28  ampere-* urns. 
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Contact  pressure  in  the  absence  of  coil  current  with 


I 


respect  is  within  the  limits  from  4 to  fi  q. 

The  operating  current,  of  relay  15-20  mA,  triggering 

time  from  J to  4 ms. 

For  the  inclusion  of  relay  into  circuit,  is  applied 
special  coupling  block  to  8 sockets.  The  fundamental 
parameters  of  relay  of  the  type  TRM  are  given  in  Table 
13-1. 


^3-10.  Tolarized  line  relay  of  the  type  TRL. 

A polar  relay  of  the  type  TRL  (Fig.  13-12)  possesses 
very  high  sensitivity  and  high  output  factor.  It  is 

utilized  as  receiving  telegraph  relay  in  work  on  air  an  1 

cable  lines. 

Relays  the  type  TRL  nr”  intended  for  operation 

during  changes  in  the  ambient  tempera  turn  from  0 to  t50°C 
and  relative  humidity  to  95o/o  at  temperature  of  20  $ 

10°C.  Relays  mai nta in/w it hs t a nd  during  30  min  vibration  with 
frequency  10—70  Hz  during  accelerations  respectively  (5-  1)  g 
and  .agitation  with  Impact  acceleration  to  75  g. 


i 
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The  magnetic  circuit  of  1 1 .>  i ol  antifj  lino  relay  of 
the  typo  THL  is  constructed  accoi  ding  to  bridge  circuit 
(Fig.  13- If)  in  which  the  paths  of  constant  and  governing 


magnet ie 

f luxes 

are  divided. 

The 

p«  r mane nt 

magnet 

o f 

horses  hoe 

form 

made  ot 

st  ee  1 

of 

A 1 n i is 

fastened 

b y c lam 

on  t ho 

basis 

of  relay. 

The 

Cl  O s 

s sect  ion 

of  magnet  18.5 

t>.  5 nun,  length  45  mm. 

The  core  of  relay  is  comprised  of  two  plates  of 
Permalloy  by  section  3 x b mm  by  length  b4  *»  on  which 

is  placed  the  coil.  Length  of  tie  winding  space  of  coil 

51  mm,  height/altitude  its  10  mm.  Inner  diameter  ot  the 

winding  10.4  mm.  Egui  valent  resistance  of  one  turn  of 

winding  5.25  • 10~*  ohm  (with  k , 0.14).  Value  Cm  — 2,04  • i0~* 

ohm. 

The  pole  piece  ol  relay  has  the  increased  section  8 x 
13  mm.  Length  of  magnetic  circuit  2 x 44  mm. 
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Core  by  two  screw/propellers  is  pressed  against  two 

pole  pieces  of  L— shaped  form,  assembled  from  sheet 
Fermal  loy. 

Fiom  below  against  the  special  steel  screw/propel le rs» 
which  fasten  the  pole  pieces  to  the  roundation  of  relay, 
is  pressed  one  of  magnet  polos. 

Armature  is  riveted  of  two  plates  they  will  stop  brand 
EA  and  was  susp end/hung  from  steel  spring  by  thickness  0. 21 
mm  to  brass  strut.  Section  of  armature  (2  x 0.4)  x ii 
mm,  e t feet  i ve  length  its  1.1  mm.  t c atma^^re  are  screwed  on 

two  springs  from  the  phosphor  bronve  ly  thickness  0.2  mm 
and  by  width  4 mm,  carrying  of  their  and/leads  contacts 

from  platinum. 
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Chapter  Fourteen. 


CHARACTERISTICS  OF  POLAR  RELAYS. 


14-1.  Characteristics  of  relay  in  the  absence  of  coil 
current. 


For  simplification  in  the  cone lusion/derivations,  let  us 

assume  that  the  induction  in  air  gaps  is  distributed  evenly 

and  that  the  reluctance  of  t~otes  and  armature,  and  also 
the  effect  of  leakage  fluxes  can  to  disregarded. 

The  magnetic  flux  of  the  permanent  magnet,  passing 

through  the  left  air  gap  (Fig.  11-1),  is  equal  to: 


a through  the  right  air  gap 

a,  _ W 
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where  is  Magnetic  intensity,  created  by  the  permanent 

■agnet,  in  ampere-turns; 

*1  and  - the  length  of  left  and  right  workinq  air 

gaps  in  m; 


S - the  sectional  area  of  these  gaps  in  m?  and  p0  = 
X 10~»  H/m  - magnetic  cons+ant. 

The  general  value  of  the  polarizing  magnetic  flux  of 
the  permanent  magnet  in  working  air  gap  in  the  case  of 
the  absence  of  scattering,  obviously,  will  be  equal  to: 

<Do  = 

a the  relation  of  flows  Oj  and  ® ; 

®,  = = o. 
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From  these  equations  we  find: 

<D,  = (D,  *!_ ; 

1 Ol  + O,  ’ 

<Dt=<D  •*_. 

* °i  + »s 


(14-1) 


(14-2 


The  course  of  the  armature  of  polar  re  lays  is  usually 
small  in  comparison  with  the  length  of  working  air  gaps; 
therefore  the  sum  of  flows  of  right  and  left  air  gaps  can 
be  considered  not  dependeing  on  the  position  of  armature. 
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To  the  armature  of  polar  relay  in  the  case  of  the 
absence  of  coil  current,  operate  simultaneously  two  forces 
E'i  and  Ft,  created  by  the  polarizing  fluxes  C>,  and  <I>,  ami 
directed  to  different  sides. 


ftesolTin^  force,  which  operates  on  armature,  is  equal  to: 

Fo=Fi-Ft  = qts  (a>‘ — ®»)'  (,4;i 

Substituting  for  <Dj  and  <D,  their  value,  we  find 

expression  for  he  force,  which  operates  on  araature,  in  the 

absence  of  coil  current  of  the  relay: 


*•  _ ®1  (»« ~ «l)  _ r n 1 . . , , 

F*  ~ SjJ(px+S3  1 '•  ( 1 4 4 ' 


If  we  express  flow  in  the  Maxwell,  crce  in  kilograms 
and  size/diaensions  in  cm,  then 


[ tqf  1.  (14*, 


where  • - d i ♦ 


Turning  moment,  created  by  net  force. 


M -FJ  - ' " 
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where  is  length  of  armature  from  rotational  axis  to  the 

fP 

middle  of  pole.  ^Pressure  in  the  contacts  of 

relay  in  the  absence  of  coil  current  will  be: 


where  is  a distance  from  the  rotational  axis  of 

armature  to  the  point  of  contact  of  contacts  and  6 = 

«2-«,  is  a value  of  the  course  of  armature. 

°i  <®t 

When  v the  armature  is  attract/tightened  to  left  polo, 
while  when  o,  < a,  - to  right  pole.  If  a,  = «2,  then 

attracting  force  is  equal  to  zero,  but  this  position  is 
very  unstable,  since  least  asymmetry  or  negligible  external 
effort/force  they  der ive/concludo  armature  from  average 
position  and  it  is  moved  to  the  side  of  the  nearest  pol< 
to  the  backstop  of  the  contact  stud  into  fixed  contact. 
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Prom  formula  (14-6)  it  follows  that  the  value  of 
contact  pressure  in  the  absence  of  coil  current  of  relay 
is  proportional  to  the  value  of  the  course  of  armature 
(i.e.  difference  in  o2-»i) » to  the  value  of  the  polarizing 


i 
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tlux  of  the  permanent  magnet  <I>#  and  inversely  proportional 
to  the  distance  between  poles 

14-2.  Characteristics  of  relay  in  the  presence  of  coil 
current. 

The  operating  current,  which  passes  on  windings  i and 
II,  creates  the  governing  magnetic  flux  <Dy,  which  is  closed 
through  gaps  o,  and  o2  whose  value 

where  w,  ♦ »*  * » and  A,  - the  coefficient  of  scattering 

the  magnetic  circuit  of  governing  flow. 

Furthermore,  operating  current  creates  also  the  flows, 
which  are  closed  through  armature  and  magnet,  but  the 
values  of  these  flows  are  small  and  them  can  be 
disregarded. 

Resulting  values  of  the  flows,  created  by  the  permanent 
magnet  and  operating  current  in  gaps  o,  and  • *,  are 
respectively  equal  to: 
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and 

d>;  = ® ± = <p,*i  ± , 

1 1 T *0  A.o  ’ 

where  plus  signs  and  minus  they  correspond  to  opposite 
directions  of  flow  in  the  winding  of  relay. 


Net  force  of  attraction,  which  operates  on  the  armature 
of  relay  in  the  presence  of  coil  current,  is  equal  to: 


_ ®i(ol-q?)  -®.*»  _ ®»*  _ O.AW 

55-.  (14-8) 


and  turning  moment  of  relay  in  the  presence  of  coil 
current 


®W.  9. 


2ji,5o 


(14-9) 


where  Af,  is  turning  moment,  created  controlling  flow: 

Page  522. 


Consequently,  resulting 
armature  of  relay  at  the 
«i  < o 2)  , is  equal 


moment,  which 
moment  of  its 


in 


operates  on  the 
contact/st a rt  (when 
the  worker 


to  a 


d if  fere n ce 
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torque/eoeent  My,  created  by  governing  tlow  and  approaching 
to  move  araature  the  riqht  contact,  and  torque/aome nt  r0, 
created  by  the  polarizing  direct  flow,  which  attempts  to 
retain/hold  down  armature  ot  loft  contact. 

After  the  function  cf  relay  (transfer  of  armature) 
resulting  moment  is  equal  to  the  sum  of  torqUo/moeents  My 
and  N0. 

Pressure  in  the  contact  of  relay  when  there  is  present 
in  the  winding  a current,  which  exceeds  spill  current,  will 
be  equal  to: 


F — * " 4- 

- 2^«/b  + 


«oln*W 


+ F ny  [ n ] » 


(14-1 J > 


where  FHy  is  the  boost  pressure  in  contact,  created  by  the 
control  current,  which  takes  place  on  the  winding  of  relay. 


If  we  express  flow  in  ps,  force  in  g and 
size/dimensions  in  cm,  then 


4,06  1,02  10  *<Jys/lH-  . 

F„ + *l„  W' 
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The  moment  of  operation  (contact/start ) of  relay  is 
determined  that  by  the  equality  of  controlling  and  holding 

torque/aonents  A/y  M0\  in  this  case 

= w"* 

2n,^o  k,a 


We  hence  find  expression  for 
function  of  the  relay,  which 
suspension  of  the  armature: 


th°  ara  pece-turns  of  the 
does  not  have  the  spring 


hi;  _ 

AW°  ~ 2p,S  * 

(14-121 

Prom 

the  obtained 

expression  it 

fellows 

that  for 

a 

decrease 

in  the  ampere- 

turns  of  function  it 

is  necessary 

decrease 

the  polarizing 

flux  of  the 

per manent 

magne  t 

a nd 

the  course  of  armature. 

However,  it 

is  not 

dif f icu It 

to 

ascertain 

that  in  this 

case  the  pressure  in 

contact 

i n 

absence 

of  coil  current 

decreases. 

to 


t he 


If 

we 

su  bst itute 

flow  in 

the 

in  cm 

an  d 

Mo  = *»* 

* 10-7, 

then 

ampere-turns  of  the  function  of  the  relay, 
have  the  spring  suspension  of  armature. 


size/dimensions 


obtain 

for 

the 

which 

ioes 

not 

(14-12a) 
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14-3.  Characteristics  of  relay  with  the  suspension  spring 
of  armature. 

Of  the  newest  types  of  polar  relays  (RP,  RPS,  TRL) 
the  armature  is  suspended  on  flat/plane  steel  or  bronze 
spring. 


Fage  523. 

The  reactionary  torque,  created  by  the  suspension  spring 
of  armature, 

(14-13) 

where  * is  an  angle  of  deflection  of  ariature  from  neutral 
and  a,  - spring  constant. 


Resulting  moment  which  operates  on  the  armature  of 
relay,  spring-mounted,  in  the  absence  of  coil  current  is 
equal  to: 


A/0  =M,  — Ma 


W 

2|i0£a 


(14-14) 


If  the  torq ue/mom°nt , created  by  the  constant  polarizing 


flux 

of  magnet,  the 

more  reactionary  torque 

of  spring  M„  > M„ 

then 

the  contact  of 

armature 

is  always  pressed  to  one  of 

the 

fixed  contacts 

(to  any)  . 

Tnis  operating 

mode  is  called 

two- 

position. 
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Pressure  in  contact  in  the  absence  of  coil  current 


will  be: 


Fm  = UJi,  ft)4  [nl 


„ /4,06  10-»<DV  „ . 

"•“!  aSl^  ' J^)  ® (14-15) 


For  magnetic  systems  with  four  working  gaps  (Fig. 
13-3d).  during  the  two-position  operating  mode  pressure  ii 
contact  in  the  absence  of  coil  current 


p I a i \ 


tn  ] 


/8.12  ■ 


I <1 


i.  e.  is  almost  two  times  more  than  for  magnetic  systems 
with  two  working  gaps. 


on  the  contrary,  if  Af„  > then  occurs  the 
three- posit,  ion  operating  mode,  during  wnich  the  armature  of 
relay  remains  in  average/roean  (neutral)  position  in  the 
absence  of  coil  current.  In  this  case  the  slide  contact 
clear  not  one  of  the  fixed  contacts,  and  for  the  contact 
of  contacts  it  is  necessary  to  apply  the  supplementary 
torquo/moment. 


(14-16) 


When,  in  the  winding,  current  relay  are  present,,  which 
exceeds  the  spill  current,  resulting  moment,  which  operates 
on  the  armature,  spring-mounted,  before  and  after  the 
function  of  relay  will  be: 


(14.17) 


Page  524. 


Pressure  in  the  contact,  of  relay  when  there  is  present 
in  the  winding  a current,  which  exceeds  spill  current,  will 
be  equal  to: 


r 
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F*-{  2&oTH-Tj;)*  + -itt-  [n] 

,4,08  10  •©*/„  ,,  V . 1 ,02©,l_-4 W _ „ , 

F » - [ — ta,)  * + ~m^ir  ” Fn* +Fhi  r 9 5 


Relay  will  actuate/operate  when  t.ho  toique/no»en  t, 
created  by  governing  flow,  exceeds  the  value  of  turning 
moment  M0,  created  by  the  polarizing  flux. 


A/y  — A/,^0  or  A/,  » A/y 


(14-10' 


where  Afye  — turning  moment,  created  by  governing  flow  when 
AW  = AW,. 


Consequently, 


whence  we  find  expression  for  the  ampere-turns  of  the 
function  of  two-position  relay  with  the  sprinq  suspension  of 
the  armature: 


= [$5  ~ (14-20) 
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Dependence  of  contact  pressure  on  the 
of  function. 


ampere-turns 


At  the  moment  of  the  function  of  relay,  according  to 
equation  (14-19)  , 

M»  = FuJn  = M je, 

whence  pressure  in  the  contact 


(14-22) 

According  to  expressions  (14-7;  and  (14-8), 


ryc  k.a  L 1 


If  we  express  flow  in  the  Maxwell,  pressure  in  £ and 
size/dimensions  in  cm,  then 

i,oa«y4W^  [g  ] 


lS 


rTc=  ■ i0*ai. 

jftfter  substituting  into  equation  (14-22)  insteal  of  Fyc 


its  value 

from  last/latter  expression 

, we  will 

obt  a in 

formula 

for 

pressure  in  contact  in 

the  ahsence 

of  coil 

current 

of 

the  relay: 

Fm  = ± 


i.ow^r. 


(14-23) 


1 
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. . . _ ,nd  minus 

to  two-position  ana 

where  Plus  sign  it  COrret>l’°^  of  the  work  of  relay- 

. „ . t„  the  three-position  -o.H 


page  526. 

. M4-1«)  instead  of  Fm  its 

Substituting  « cxpr«-sl  foc  the  contact 

value  from  equation  d-  >•  coil  current  the 

,av  in  the  presence 
pressure  of  relay 

following  expression: 

p (14'2’ 

J0‘k.O«l,v 

. is  ,.*»*  « ‘ 

ahem  the  positi  te  st,»  of  the  «*» 

„ , . to  the  three-posi 

sign  "minus"  l J 

relay- 

, folloas  that  ■» 

««  .«  crfl 

constant  *’*  t<0-po»lt  i°»  «»*»  lS 

in  the  contact 

pressure  m function. 

, to  Its  ..per«-t“r"=- 

proportional  to 

f coil  current  contact  pressure 
In  the  presence  o tfce  sUro  working 

* imately  of  pr oper tiona 1 1 Y t¥o-position  and 

>ppt„,t.,telY  _torns  ot  function  of  t.o 

a.pste-t»r«s  and  ^ a.pere-t«tns  of  throo-po^10 

to  a difference  in  these 

relay • 


DOC  = 780124 


PAGE  'W3:  \\M4 


At  equal  values  <D0,  AN  and  AWt  the  contact  pressure  of 
three-position  relay  is  less  than  two-position  one,  at  the 
doubled  value  of  pressure  Fll0  in  the  absence  of  coil 
current. 

The  contact  pressure  of  relay  at  assigned  values  of 
ampere  turns  does  not  depend  on  the  course  of  armature  and 
rigidity  of  suspension,  it  of  the  directly  proportionally  to 
the  value  polarizing  flux  and  vice  versa  is  proportional  to 
the  length  of  air  gaps. 


Criteria  for  evaluating  the  polar  relays. 


As  a result  of  work  on  the  investigation  of  polar 
relays  T-K.  Shtremberq  it  will  introduce  for  the  evaluation 
of  the  quality  of  polar  relays  the  concept  of  the  given 
attracting  force  and  the  given  contact  pressure. 

According  to  expression  (14-23)  the  pressure  in  the 
contact  of  polar  relay  in  the  absence  of  coil  current  is 
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proportional  to  the  arapere-t urns  ot  the  function  of  this 
relay.  It  is  consequent,  the  ratio  ot  contact  pressure  to 
the  ampere- turns  of  the  function  cf  relay  (qiven  contact 
pressure)  characterizes  by  itsrlt  the  quality  (emission)  of 
relay  and  can  be  used  as  criterion  fcr  the  evaluation  of 
the  quality  of  the  polar  relays: 

- Fm  1,024.,/' 

f-'°  awb  "iwra;-  (14-25) 

From  expression  (14-24)  *e  find: 

F — F" 

~ awtaw;- 

Paqe  527. 

It  is  necessary  to  note  that  the  last/latter  formula 

is  valid  only  at  comparatively  low  values  of  the  vorkinq 

0 

ampere-turns  when  does  not  manifest  itself  the  effect  of 
the  saturation  of  material  of  the  maqnetic  circuit  of 
relay. 

In  the  presence  of  coil  current,  the  contact  pressure, 

led  to  AW\  = 1,  sill  be  equal  to: 

1,024).,/ 

F"  = foi*7<(-4,r±1)  = /r«.(>l»,±l).  ( 14-25a) 

For  evaluatinq  the  construction  of  the  maqnetic  systems 
cf  polar  relays,  it  is  necessary  to  use  the  ratio  of  the 
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attracting  force  of  the  armature  of  relay  in  the  absence 
of  coil  current  to  the  ampere-turns  ot  the  function  of 
relay.  This  value  is  called  the  given  attracting  force  of 
the  armature  of  the  relay: 


^KHI^H  _ _ 1,020, 

''  ln  -=  AW^  - 10**.o 


(14-26) 


r„iH 

r*1  “ (aW±aWji~- 

In  the  presence  of  coil  current,  the  attracting  force 
of  the  armature  of  relay,  led  to  .4W’0  = 1,  is  equal  to: 
rt  - ( AW  ± 1 ) - f.,  ( AW  ± 1 ).  ( 14 -26a ) 

From  expressions  (14-27)  and  (14-28)  follows  that  for 
an  increase  in  the  given  attracting  l'ci  co  it  is  necessary 
to  increase  the  polarizirg  magnetic  flux  and  to  decrease 
the  coefficient  of  scattering  »nd  the  value  of  working  air 


However,  an  increase  in  the  polarizing  flux  will  lead 
to  an  increase  in  the  ampere-* ur nr  ot  the  function  of 
two-position  and  a decrease  in  the  ampere-turns  of  the 
function  of  three-position  relay.  Fcr  the 

preser vat  ion/retent ion/na int ain i ng  of  the  assigned  magnitude  of 
the  ampere-turns  of  function,  it  is  necessary  simultaneously 
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with  an  increase  of  the  flow  to  increase  the  rigidity  of 
the  suspension  of  armature,  also,  within  the  limits  of  the 
possible  to  decrease  the  course  of  armature  of  two-position 
and  to  increase  it  in  three-position  relay. 


It  is  necessary  to  keep  in  mind  that  a decrease  in 
the  working  air  gaps  and  course  of  armature  leads  to  a 
decrease  in  the  stability  of  the  parameters  of  relay. 


Va lues 

of 

the 

given  contact 

pressure  and  given  attracting 

force 

for 

the 

different  types 

of  polar  relays  are  given  i 

table 

13-  1. 

Dependence  of 
pressure  on 
the  elast ic 


the  ampere- turns  of  function 
the  value  of  polarizing  rlux 
suspension  of  armature. 


and 
a nd 


cont  act 
rigid  it  y 


of 


From  expressions  (14-20)  and  (14-21)  follows  that  with 
a decrease  in  the  polarizing  cons*  tnt  magnetic  flux  <D0  the 
ampere-turns  of  the  function  of  two-positicn  relay  decrease, 
and  three-position  - they  increase. 


Page  S28, 


corresponds  to  the  condition  of  the  transition  of  relay 
from  the  two-position  operating  mode  to  three-position.  With 
values  of  the  constant  polarizing  magnetic  flux 

® = <D,  = ± V2a^Sa,  (14-27 

ln 

of  relay  it  passes  of  one  operating  node  in  another  and 

the  ampere-turns  of  function  are  equal  to  zero. 

However,  accordinq  to  expression  (14-23)  contact  pressure 
in  this  case  is  equal  to  zero;  therefore  to  work  under 

these  conditions  is  impossible. 

The  dependence  of  the  ampere-turns  of  function  on  the 
value  of  the  polarizing  flux  is  graphically  expressed  by 
the  difference  between  the  straight  line,  the  passing 
through  the  origin  of  coordinates,  and  equilateral  hyperbola 
whose  curvature  is  determined  by  t h‘>  rigidity  of  the 
suspension  of  armature. 

The  dependence  of  contact  pressure  on  flow  value 
[formula  (14-18)]  is  graphically  expressed  by  the  positive 
branch  of  the  parabola  of  the  square  of  fori  cC>*  + c,<D  — c,, 


: i 

v . i 
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ordinate 

the 

const  an  t 

Figures 

1 4-  1 

of 

the 

ampere 

PAGE 
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of  apex/vertex  of  which  is  proportional  to 

elasticity  of  the  suspension  of  armature, 
and  14-2  gives  the  curves  of  the  dependences 
turns  of  function  and  contact  pressure  of 


relay  of  the  type  RP  on  the  value  of  polarizing  flux  and 
thickness  of  the  suspension  spring  of  armature  at  2a  - 2 
x 0.45  mm,  2A  = 2 x 0.04  mu.  and  2A  - 2 x 0.  1 mm, 

obtained  experimentally  -y,  Siit  remfcerg. 


A relay  of  type 

RP-H 

has  suspetis 

icn  spring 

as 

thickness 

0.23  mm  and 

2 A = 

0.08  mm,  while  relay 

of 

type 

RP-^ 

a 

suspension 

spring 

by  thickness 

0.28  mm 

a nd 

2A 

2 x 

0.  10 

mm. 

From 

the  curves 

of  Fig. 

1 4— 1 fc  and 

1 4- 2b,  it 

follows 

that 

at 

large  values 

of  the 

polar iz ing 

constant 

ma  gnet ic 

flux  both  relays  - Rp-4  and  RP-S  - work  in  two-position 
conditions/mode;  with  a decrease  in  the  direct  flow,  the 
ampere-turns  of  the  function  of  both  relays  decrease  and 
reach  in  turn  zero  when  d>#,  egual  to  1.5  • 10~5  and  ^85 
• 10~5  Bb.  During  a further  decrease  in  the  direct  flow, 

both  relays  alternately  pass  to  the  *hr ee-position  mode  of 
operation  and  the  ampere-turns  of  the  function  of  these 
relays  respectively  increase. 
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A relay  of  type  £p-4,  which  has  t he  suspension  spring 
of  armature  as  thickness  0.23  mm  with  the  constant  value 

flow  in  1.7  • I0~s  wb,  works  in  two-position 

conditions/mode  and  has  sensitivity  of  approximately  0.8 
ampere-turns,  while  a relay  of  type  Sf-5  with  suspension 
spring  by  thickness  0.28  mm  with  the  same  constant  value 

flow  works  in  three-position  conditions/mode  and  has 

sensitivity  1.6  ampere-turns. 

The  thicker  the  suspension  spring  of  armature,  the 
greater  the  value  ®0,  at  which  the  relay  transfers  into 

two-position  cond i tions/aode- 
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Fig.  14-1.  Curved  of  de  pen  d e nr  or.  cf  ampere-turns  of  function 
and  contact  pressure  of  relay  of  type  8F  on  value  of 

polarizing  flux  and  thickness  of  suspension  sprinq  of 
armature  (2o  = 2 x 0.45  mm;  2A  = 0.8  mm).  Solid  lines 

is  M»o-position  conditions/mode;  broken  - throe-position 

•on  1 1 1.  Ions /mode  . 

. . (1)  g;  (2)  position  conditions/mode;  (3)  Wb ; (^)  AV. 
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lines  is  two-position  conditions/mode;  broken  - three-position 
conditio  ns/a ode. 

Key:  (1).  g.  (2).  Position  cond it ions/raode.  (3).  Kb.  (4).^\/, 


Page  531. 

The  curves  of  Pig.  14-la  intersect  by  the  fine/thin 
lines,  which  are  the  locus  of  the  contact  pressures,  which 
correspond  equal  to  values  of  the  ampere-turns  of  function. 
These  lines  are  straight  lines,  that  pass  approximately 
through  beginning  coordinates. 

Consequently,  the  contact  pressure  of  the  relays,  which 
have  the  different  rigidity  of  thr  suspension  of  armature, 
but  controlled  with  the  aid  ot  the  polarizing  flux  to 
identical  sensitivity,  grow/rises  of  proportionally  to  the 
value  this  flow. 


Table 

14-1 

gives  corrected 

va  lues 

of  contact 

p rosaure 

for  the 

relays 

of  types  flP'~4 

and 

RP- 

5 with  the 

d it fe rent 

thick  ness 

of  suspension  spring 

and 

t he 

different 

am  pere-turns 
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of  function  and  working  ampere  turns,  ohtained  T*  K . 


Shtremberg 

from 

Fig. 

by  14 

- 1 for 

re  1 a y of 

type 

RP-4  and 

from  Fig. 

14-2 

for 

relay 

of  type 

RP-5. 

From 

t able 

it 

follows 

that  an 

i ncrea  se 

in 

the 

t h ick  ness 

of  suspension 

spring  : 

s from  8 

to 

0.  28 

n\  m 

makes 

it  possible  to  increase 

Co  n t a c t 

pressure 

cf 

relay 

of 

type 

RP»-4  on 

4Q-60o/o  and  of 

rela  y 

of  type 

RP-5 

on 

70-SOo/o 

with  the  same  sensitivity  and  the  corresponding  increase  in 
the  polarizing  flux. 


Dependence  of  the  ampere-turns  of  function  and  contact 
pressure  on  the  course  of  armature. 

From  expressions  (14-15),  (14-19),  and  (14-20)  follows 

that  the  ampere-turns  of  function  and  contact  pressure 
depend  linearly  on  the  course  of  armature. 
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Fig.  14-3.  Curved  of  dependences  ct  ampere-turns  of 
triggering  and  contact  pressure  of  relay  ct  type  HP  on 
distance  between  contacts.  Solid  lines  - type  RP-4;  broken 
lines  is  type  RP-5. 

Key:  (1).  g.  (£)  /}]/ . 


Pig.  14-4.  Curved  of  dependences  ot  contact  pressure  of 
relay  of  type  RP  on  value  of  polarizing  flux  at  different 
distances  between  contacts.  Solid  lines  is  two-position 
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conditions/mode;  broken  - three-position  condition  s/aode. 

Key:  (1)-  g.  (2).  Three-position  conditions/node.  (3). 
Two-position  cond  i tions/roode.  (4).  W<6- 

Page  53  3. 

Figures  14-3  gives  the  curves  of  the  dependences  ot 
the  ampere-turns  of  function  and  contact  pressure  on  the 
distance  between  contacts  for  the  relay  of  types  $p-4  and 
KP~5.  The  sagging/deflection  of  flexible  contact  stud  of 
relay  of  the  type  HP  is  insignificant;  therefore  the 
dependence  between  the  course  of  armature  and  the  distance 
between  contacts  is  equal  to: 

6 *=7^-  (14-28) 

*K 

From  curves,  given  in  Fig.  14-3,  it  follows  that  the 
dependences  of  the  ampere-turns  of  function  and  contact 
pressure  of  relay  of  the  type  HP  on  the  distance  between 
contacts  of  value  2A  = 0-2  mm  are  straight  lines.  The 

disturbance/breakdown  of  the  linear  i'ty  of  these  dependences 
at  the  large  values  of  quantity  2/s  is  explained, 
apparently,  by  an  increase  in  the  polarizing  flux  whose 
value  during  analytical  conclusion/dcr i vat  ions  was  accepted 
which  does  not  depend  on  the  position  of  armature. 


1 | H ■ " ■ | ' > ( ■ ■ 
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With  an 

increas  e 

in 

the  oour 

se  or  armature. 

t he 

contact  pressure  of 

re  la  y 

of  t ype 

&P-4  increases 

, and  of 

relay  of  type  RP-5, 

it 

decreases. 

Figures 

14-4  and 

14- 

5 gives 

the  curves  of 

the 

dependences 

of  the  ampere 

-turns  of 

f unct ion  and 

con  tact 

pressure  of 

relay  of 

the 

type  rp 

on  the  value 

of  the 

polarizing  flux  at  the  different  values  of  the  distance 
between  contacts  (course  of  armature)- 


t 


I 


1 


l 
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Table  14-2 

gives 

the 

values  of 

the 

contact  pressure  of 

the  relays  of 

t ypes 

RP-4 

and  BP-5 

with 

different 

sensitivity  at  the  different  gaps  between  contacts,  obtained 
fron  the  curves  of  Figs.  14-4  and  14-5. 

Froa  the  data  of  table  14-2,  it  follows  that  a 

decrease  in  the  gap  between  contacts  froa  0.12  to  0.06  am 

wakes  it  possible  to  increase  contact  pressure  of  relay  of 
the  type  HP  on  15-40o/o  with  the  appropriate  increase  in 

the  polarizing  flux.  Of  relay  of  type  BP-5,  on  the 

contrary,  an  increase  in  the  gap  between  contacts  with  2 x 

0.06  ■■  to  2 x 0.1  aa  raises  contact  pressure  on  13-20o/o 
(with  the  thickness  of  the  spring  of  araature  0.23  >■) . 

Analyzing  that  which  was  presented,  it  is  easy  to  be 
convinced  of  the  fact  that  in  the  final  analysis  for  an 

increase  in  the  contact  pressure  of  polar  relays  it  is 

necessary  to  increase  the  polarizing  constant  aagnet ic  flux, 
which  operates  on  araature.  A siaultaneous  increase  in  the 


t 
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thickness  of  the  suspension  spring  of  arwature  and  a change 
in  the  gap  between  contacts  (course  of  arnature)  is 
necessitated  the  preserving  of  the  assigned  ampere-turns  of 
the  function  of  relay. 
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Table  14-  Pressure  in  the  contacts  of  polar  relays  with 
the  different  aa pere- turns  of  function  and  the  courses  of 
araature. 


AByxnodumioliiiutt  pemiiM 


TpexnosimiioHHufl  pewim 


wiMCp,  ae 

! „ 

1 2 A,  M.H  \ 

f,o,  r 

! F"'r 

2A,  mm 

I fio,  r 

1 Hi.  r 

l 

0.06 

10.2 

\ : 

14.2 

2 X 0.00 

6,2 

9.0 

| 0,12 

9.0 

12,5  t 

1 ll 

2X0,10 

j G.8 

I 

10.2 

o 

| 0.06 

i4.o 

1 

19.0 

2 X 0.00 

5.0 

7.0 

1 

0,12 

10,0 

14,0 

2 x 0.10 

5.0 

9.1 

1 

2,5 

| 

0.(X> 

! 

Hi.  7 

22  9 

2 X 0,06 

4.5 

0.9 

0.12 

1 

11.7 

10,0 

2 x 0.10 

5.1 

8 3 

3 

2 x 0.06  | 

4.0 

(>.:> 

2 x 0,10  I 

1 

4,0 

7.S 

Key:  (1).  Two-position  conditions/aode'-  (2)-  Three-position 

conditions/aode. 
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Dependence  of  the  ampere-turns  of  function  and  contact 
pressure  on  the  length  of  working  air  gaps. 
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Figures  14- 

6 gives  the  curves 

of  the 

dependences  of 

the 

aapere-turns 

of  function  on  the  length 

of  working  air 

gaps. 

and  also 

contact  pressure  on 

the  length  of 

working 

air 

gaps  with 

different  values  of 

working 

anpere- 

turns  for 

relay 

of  the  type  BP  with  suspension  springs  by 

t hick ness 

0.  23 

■■  (2h  * 

0.08  aa)  and  0.28 

aa  (2A 

= 2 x 

0.1  an) 

Froa  these  curves  it  follows  that  the  aapere-turns  of 
the  function  of  relay  with  an  increase  in  the  length  of 
air  gaps  first  decrease,  and  then  they  begin  to  increase. 

The  ainiaua  value  of  aapere-turns  for  triggering 
corresponds  to  the  value  of  the  polarizing  flux  (D  = <D#(  with 
which  the  relay  passes  froa  two-position  condit ions/node  to 
three- position.  Contact  pressure  decreases  with  an  increase 
in  the  length  of  working  air  gaps. 


Figur es 

14-7 

gives 

average 

the  curves  of  the 

dependences 

of  contact 

pressure 

on  the  value  of  working 

aapere-turns 

for 

the  relay  of 

types  TRH,  RP-4,  RP-5,  RP-7, 

RPS-4,  RPS-5 

and 

TBL, 

obtained 

by  T.-  K«  Shtreaberg. 

2 x 


:ur*ed  o 
.ue  of 
f?e-5;  3 - 


6 
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The  length  of  the  working  air  gap  of  relay  of  the  type 
BP  is  equal  to  0.45  ■■  (from  each  side) ; with  AW  = 100 
AV  this  length  decreases  approximately  to  0.35  an  as  a 
result  of  the  sagging/deflection  of  the  contact  springs  of 
armature.  It  is  necessary  to  note  that  the  value  of  the 
contact  pressure  of  polar  relays  can  oscillate  over  wide 
liaits  [approximately  to  *(20-50)  o/o  from  average  value]  due 
to  the  effect  of  tolerances  in  size  of  parts  and 
fluctuations  of  the  regulating  parameters  of  relay. 


The  attracting  force  of  the  armature  of  these  relays 

y 

is  equal  to  the  contact  pressure,  multiplied  on  the 

relation  of  the  arms  of  contact  and  armature  whose  value 

for  relay  of  the  type  BP  is  equal  tc  1*41,  for  relay  of 
the  type  R PS  - 1.0  for  relay  of  the  type  TRB  - 0.845 

and  for  relay  of  the  type  TBL  - 1.69. 


Empirical  formulas  for  the  calculatioq  of  the  attracting 
force  of  polar  relays. 
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Figures  14-8  gives  on  logarithsic  scale  the  average 
full-load  saturation  curves  of  the  polar  relays  of  types 

W-4#  (KP- 5 and  *P*-7,  constructed  with  the  aid  of  the 
curves  of  Fig.  14-7. 
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Pig-  14-8. 
type  Rp  -4 ; 


PAGB 


2 - type  Rf  -5;  3 - type  rtf’ -7;  4 - type 


1 


Page  537. 


For 

a comparison 

dot 

-dash  line 

are  constructed 

the  full-load 

saturation  curves 

of 

an  electroeagnet ic  neutral 

rela  y of 

type 

when 

0 * 

0.35  and 

0.45  aa#  which 

has 

approaiaately  the 

saae  surface 

of  pole  (weight 

they  stopped 

the 

aagaetic  systea 

of  relay 

of  type  rtKM-1 

8b  g and  Cn  - 

= 3,24. 10  *ak»;  the  weight  of  steel  of  the  eagnetic  systea  of 
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relay  of  the  type  HP  - 107  g and  Cn  = 4,25-10  * oha)  • 

Proa  these  curves  it  follows  that  approximately  to 
50-60  A?  the  attracting  force  of  the  polar  relays  is  tore 
than  neutral  ones*  aoreover  the  advaqtage  of  polar  relays 
increases  with  a decrease  in  the  aapere-turn^^o^  excitation. 

With  10  AV  the  attracting  force  of  a polar  relay  of 
type  #P~7  is  14.5  tines  nore  than  relay  of  type  RvM-1. 

Within  liaits  approxiaately  froa  4 to  20  AV  the 
average  value  of  the  attracting  force  of  relay  of  type 
ftP-7  can  be  approxiaated  by  the  following  approximation 
eapirical  for aula: 

0,28^1$),  (14-29) 


where  « - a half 

of 

the 

length 

of 

working  air  gap  in 

an. 

This  foraula 

is 

used 

within 

the 

liaits  of  change  * 

approxiaately  froa 

0.3 

to 

0.7  BB. 

With  value  « * 0.45  an* 

the  average  value 

of 

the 

attracting 

force  of  relay  of  type 

4\r-7  will  be: 

F^iAAW. 
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During  excitation  within  liaits  froa  12  to  80  AV 

f»,6V  StV-  (14-29.) 

Average  value  of  the  attracting  force  of  relay  of  type 
AfP-4  within  liaits  froa  6 to  80  AV 

r«Tr  O 

(14-294) 

With  value  • * 0.45  aa  the  average  value  of  the 

attracting  force  of  relay  of  type  -4 

F*±>  8,5  yrAW. 

Wit  hi  n liaits  froa  4 to  16  AV  the  average  value  of 
the  attracting  force  of  relay  of  type  KP- 5 

0,028  (14-29aJ 


With 

value 

« = 0.45 

an 

the  average  value  of  the 

attracting 

force 

of  relay 

of 

type  /?P  -5 

>0,31  />UV\ 

a within 

liaits 

froa  15 

to 

80  AV 

(14-29$ 


/*e.4,5  y'AW 


DOC  - 78012427 


PAGE  J* 

\P>° 

Page  538. 


Dependence  anpere  - turns  of  the  function  of  relay  on 

frequency. 


Pigures  14-9  gives  tentative  the  curves  of  the 


dependences  of 

t he 

anpere-t  urns 

of 

the  function  of 

relay  of 

*yp«  W*4  on 

the 

frequency  of 

the 

feeding 

alternat ing 

current.  Pron 

these 

curves  it 

follows  that 

a relay 

of  ty  pe 

can  work 

at 

the  frequencies 

of  aore 

than  300 

Hz,  but 

at  frequencies  above  200  Hz  the  aapere-turns  of  the 
function  of  relay  sharply  grow/rise. 


14-4.  Tine  of  the  notion  of  arnature. 


a)  arnature  with  rigid  reed. 


Let  us  assune  that  the  current,  passing  through  the 
windings  of  relay,  changes  instantly  fron  value  -l0  to  ♦ !„. 
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Eddy-current  effect  and  bearing  friction  we  disregard. 

The  torque/aoaent,  created  by  constant  Magnetic  flux  Mm  a, 
daring  the  notion  of  araature  changes,  passing  through  the 
zero  value  in  the  aid-pcsition  of  araature,  i.e.,  when  a = 
0. 

Alternate  angles  let  us  consider  negative,  if  araature 


is  located 

to 

the  left  froa  center 

line. 

and 

positive,  if 

it  is  located 

to  the 

right.  The  araature 

of 

relay  will 

begin  to  i 

■ ove 

at  that 

torque/aoaent. 

when 

the 

torq  ue/aoaent. 

created  by 

current,  is 

equalized  with 

the 

torque/aoaent. 

created  by 

the 

direct 

flow  gfc.  £13-0 

m 

The  differential  eguation  of  notion  of  araature  with 
rigid  reed  will  be: 

J jji  = M J%y 

where  J - the  noaent  of  the  inertia  of  araature  relative 
to  rotational  axis, 

Mua  - the  torque /noaent,  created  by  the  direct  flow, 

- the  torgue/aoaent,  created  by  control  current,  and 

« - an  angle  of  deflection  of  arnatare. 
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Fig.  14.9.  Curved  of  dependences  of 
of  relay  of  type  rtf’  -*4  on  frequency 


aapere-turns  of  function 
of  feeding  current. 
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The  general  solution  of  the  obtained  nonhoaogeneous 
linear  equation  will  be: 

a «=  <•,?"'  + Cte~»i  _ (14-30) 

where 

n 1 

Fron  initial  conditions  ve  have  with  t * 0 greatest 

angle  of  deflection  a * -«0  and  speed  of  notion  da/dt  - 
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0;  consequently.  r,  - c.  and  2c,  = / _ 1 \ 


ia  equation  (14-30).  we  obtain: 


\ Mu% 


Sub  st it  uting 


•—[(■sa-*)*--®]-  «4-3» 


The  aaxiaua  value  of  the  angle  of  deflection  of 
araatare  will  occur  through  the  tiae 


i)cbn<a* 


M,l,  1 


whence  we  find  expression  for  the  tiae  of  the  notion  of 
the  araature  of  the  relay 


i*  o , i 

\ Mu°n  + ■> 

<a»  = - arcch  ii-  , = — arcth 

fi  (vi  i 1 1 , n 


Mua0 


— 1 


l/^o 

r am. 


(14-32) 


If  the  torque/aoaent.  created  by  conservative  value  of 
control  current.  is  auch  aore  the  torque/aoaent,  created  by 
the  direct  flow,  then  approxiaatel y it  is  possible  to 


count: 


arcth  ]/ 

f am.  y am.  • 


Substituting  in  equation  (1«-32)  instead  of  n its 
value,  we  obtain: 


'.-’VT/Sfc-*  V&  ('4-33, 


t 
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Consequently,  the  tiae  of  the  aotion  of  araature  is 
proportional  to  square  root  of  the  torque/aoaeot  of  inertia 
and  anqla  of  deflection  and  it  is  inversely  proportional  to 
square  root  froa  the  torque/aoaent,  created  by  control 
current. 

If  the  current,  which  passes  on  the  windinqs  of  relay, 
grows  in  sinusoidal  law,  then  the  tine  of  the  aotion  of 
the  araature  of  the  relay 


Page  540. 

o)  araature  with  flexible  reed. 

In  relay  with  flexible  reed  the  angle  of  deflection  of 
araature  is  not  liaited  to  backstop  to  contact,  since  as  a 

result  of  the  sagging/def lection  of  reed  the  deviation  of 
araature  will  be  aore- 

With  flexible  reed  the  araature  begins  to  aove  with 
elastic  force  during  the  cessation  of  coil  current; 
therefore  transient  tine  for  relay  with  flexible  reed  aust 

be  less.  Approxiaately  by  its  it  is  possible  to  express 
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following  foraula : 

2u0  | 

" “ Mtl,  • 


(1135) 


where  b are  constant*  equal  to  torque/aoaen t for  an  angle 
into  one  radian  and  depending  on  construction  and  elasticity 
of  reed. 


14.5.  Vibration  of  araature. 


With  the  ia  pact  against  fixed  contact,  the  araature 
obtains  the  aoaentun/iapulse/pulse  of  rotation,  equal  to: 

T,Af  — 2 (w,  wf),  (14  .It) 

where  r,  - the  pulse  torque/aoaent,  obtained  with  iapact, 
$t  - the  duration  of  iapact, 

J “ the  aoaent  of  the  inertia  of  araature, 

wt  - the  angular  velocity  froa  which  the  reed  of 
araature  strikes  against  fixed  contact  with  the  first 
iapact,  and 


I 
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m2  - the  angular  velocity  of  reed  reflected  after 
iapact. 


The  angular  velocity 

o>,  *=Mt,  ( 1 ^ 377 

reflected  where  is  a recovery  factor  whose  value  depends 

on  the  elasticity  of  the  colliding  bodies.  For  steel  and 
platinun 


For  sinplif ication , let  us  assune  that  during  the  snail 
deviations  of  arnature  its  acceleration  a will  be  constant; 
then  the  naxinun  angle  of  deflection  of  arnature  after 
iapact  can  be  deterained  fron  the  equation: 

Pi  = Mi t — at*. 


During  the  deviation  of  arnature  of  the  na'xinun  angle 

k 

of  its  speed,  are  equal  to  zero,  i'.e.,  at—0,  t — 

Consequently  foraula  for  the  angle  of  deflection  of 
arnature  will  take  the  following  fora: 


Arid)*  At'd)'  ArJoiJ 
i ~ a 2 a 2a  * 


(U-» 
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Hith  each  iapact  of  armature,  its  speed  decreases  kt 
once;  therefore  after  n of  impacts  the  deviation  of  the 
armature 


« _ t2n  ®r 

P„  - *B 


(14-39) 


Thus,  with  an  increase  in  number  n the  deviation  of 
araature  p„  decreases  and  approaches  zero. 

For  a decrease  in  the  vibration  of  armature,  it  is 
necessary  that  the  recovery  factor  will  be  smallest 
possible. 


The  complete  elimination  of  the  vibration  of  armature 
is  achieved  by  the  application/use  of  a flexible  contact 
stud,  which  consists  of  two  flat/pjlane  bronze  springs  whose 
end/leads  1 are  bent  and  press  to  each  other  with  force 
20-30  g (Fig.  13-4).  With  the  iapact  against  the  contacts 


of  spring 

, they  are 

bent  and  simultaneously 

their 

end/lead  s 

are  moved 

according 

to 

relation  to 

each  other;  in 

this 

case  the 

large  part 

of 

the  kinetic 

kinetic 

energy 

of 

araature 

is  absorbed 

by 

friction  of 

springs. 
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Fig-  14-10.  Curved  of  dependences  of  displaceaent/ao  veae  nt, 
velocity  and  acceleration  of  araature  of  relay  of  type  ftp- 4 
on  tiae  (4H'0  =.  t,5  A7  and  /tH’p  *=  10  /^y). 

Key:  (1).  ca/s.  (2).  as. 


Page  54  2. 

Figures  14-10  gives  the  curve  of  the  dependence  of  the 
araature  travel  of  relay  of  type  ft?—  4 on  tiae  (aechanograa 
of  the  aotion  of  araature).  obtained  by  S.  L.  Khaytser 


»rf-  'tin 
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experinent ally  with  the  aid  of  kineaatic  canera  with  AW  3 
10  AT. 

In  this  saae  figure  are  constructed  the  curves  of  the 
dependences  of  the  speed  of  the  notion  of  araature  v and 
of  acceleration  a froa  tiae,  the  obtained  by  graphic 
differentiation  aechanograas. 


Froa  the  curves  of  Pig.  14-10,  it  is  possible  to 
easily  find  the  inpact  velocities  and  rebound  of  the 
araature  of  relay  froa  fixed  contact  after  iapact. 


During  the  noainal  excitation,  equal  to  10  AV,  the 
recovery  factor  of  the  araature  of  relay  of  type  ft  P*-4  is 
equal  approximately  0.62.  During  a change  in  the  working 
aapere-turns  froa  5 to  25,  value  1,  decreases  froa  0.7  t< 


During  the  fluctuations  of  the  araature  of  relay,  the 
current  circuit  of  contacts  will  not  be  disruptted,  if  the 
aaplitude  of  the  disagreeaent  of  contacts  will  not  exceed 
the  aaount  of  their  strain.  The  anount  of  strain  at  the 
iapact  of  two  spherical  contacts  (in  p)  will  be  egua' 

04-1]: 
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X - 0,776]/ 

'•(i +!)(*+£)’  '-!• 

(l'«* 

where  P 

- 

the  acting  force 

in  9,  R i and  r2 

- radii  of 

the  spheres 

of  the  colliding 

contacts  in  aa. 

E,  and  E2 

modulus 

of 

elasticity  of  the 

Materials  of  the 

colliding 

contacts 

in 

g/aa*. 

If 

one 

contact  spherical. 

and  another  flat/plane  and 

both  contacts  are  aade  from 

identical  material. 

the  n 

X = 

(1  ill 

Por  the  spherical  contacts  by  diameter  a.1*  from 

silver  or  gold  value  k = 0.028,  from  platinum  k = 0.017, 

fro*  palladium  k = 0.021  and  made  of  tungsten  k = 

0.0094. 


The  moment  of  the  inertia  of  the  armature  of  relay 

can  be  easily  determined  exper iaentally. 

For  determining  the  period  of  the  fluctuations  of  the 

araature  of  relay  of  the  type  RP,  one  of  the  end/leads  of 
the  suspension  spring  of  armature  is  soldered  to  the  free 
end/lead  of  the  long,  vertically  arranged/located  bronze  wire 
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whose  upper  end  is  rigidly  attached. 


The 

period  of 

the  torsional  oscillations 

of 

the 

araature 

of  relay. 

fixed  toward  the  end 

of 

the 

wire  (to 

vertical 

shaft),  is 

equal 

0-7]: 

2n 

i 'T 

where  J 

torgue/noaent  of 

the  inertia 

of  araature  of 

relatively 

suspension 

spring 

(rotatiooal 

axis 

of 

araature)  ; 

a - a stiffness  coefficient  of  wire  (shaft) ; 

<1  - a dia*eter  of  the  section  of  wire; 

I - its  length; 

G - aodulus  of  shear  of  the  aaterial  of  wire  during 
twisting. 

Page  54  3. 

*•  "ill  hence  obtain  for  the  aoaent  of  the  inertia  of  the 
araature  of  relay  the  following  expression: 


J 


r.d*  r* 

12«a/  ' 


( 14-42) 
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Ihe  period  of  the  torsional  oscillations  of  the 
stidtQte  of  relay  of  the  type  HP.  soldered  to  bronze  wire 
bj  diaaeter  0.11  ■■  and  by  length  255  as,  daring 
■easureaent  will  prove  to  be  equal  to  2.0  s.  Por  bronze  G 
* 4.8  x 10*  g/aa*.  Substituting  these  values  in  foraula 

(14-42) . we  will  obtain  for  the  araature  of  relay  of  the 
type  HP: 


0.027 


l«aB«S*. 


14.6.  Graphic  aethod  of  tiaing  of  function. 


Triggering  tiae  of  polar 
nonpolarized  (neutral)  relays, 
value  of  tiae.  safety  factor 
of  the  aotion  of  araature. 


relays.  just  as  elect  roaag  net  ic 
it  depends  on  the  constant 
on  aapere  turns  and  the  tiae 


Por  deteraining  the  inductance  of  polar  relays  Pig. 
14-11  gives  the  curves  of  the  dependences  of  coefficient  K 
(given  inductance)  on  working  aapere- turns  for  the  relay  of 


I 
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types  TRH , BP  and  TRL  with  direct  current  and  alternating 
current  by  frequency  50  Hz. 


Fron  these  curves  it  follows  that 


relay  of  the  type 


factor  on  an pere- turns 

Fig.  14- 

-12 

gives 

the  curves  of 

the 

dependences  of  the 

tine  delay 

of 

ty  pes 

THE,  HP-4  and 

TRL 

on  the  coefficient 

of 

reserve 

Kl 

at  constant  values  of 

the 

derived  power. 

Froa  these  curves 

it  follows 

that 

the  advantageous 

TRN 

has 

considerably  snaller  inductance*  than  as  the 

relay 

1 

of 

types 

BP 

and  TRL.  Is  explained  this  by  a snail 

section 

S 

of 

air 

gap 

(the  cross  section  of  poles) . 

f 

For 

the 

selection  of  the  optiaun  values  of  the 

safet  y 

1 

value  of 

the 

coefficient  of  reserve  on  anpere-turns 

of 

1 

relay  of 

the 

type  TRH  is  within  the  Units  froa 

2.2 

to 

5*  of  relay 

of  type 

tfP-4  - within  linits 

fron  5 

to 

12 

and  of  relay 

of  the 

type  TRL  - fron  9 

t 

to  18. 

Tine 

for 

notion 

to  start  reaches  the 

nininun 

with 

sonewhat 

the 

snaller 

values  of  the  safety 

factor. 

I 

The 

tine 

of  the 

flight/passage  of  the 

arnature 

of 

■ 

i 1 
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relay  of 

the 

type  TEN  does 

not 

have  clearly  expressed 

ainiaen; 

with 

the 

s fety  factor  nor e than 

four  tine 

of 

fl ight/passage 

barely 

changes. 

For  deteraining  the  tentative  values  of  triggering  tine 


and 

contact/start  of  polar  relays  Fig. 

14-13 

gives  the 

curves  of 

the  dependences  of 

triggering 

tine 

and  of  the 

tine 

for 

notion  to  start  of 

relay  of 

the  type  TEN  on  the 

value 

of 

coefficient  a,  with 

the  coefficients 

of  reserve  K4 

■ 3* 

and 

of  the  tine  delay 

of  types 

ftp -4, 

rtP*  5 and  f?P-7 

with 

K. 

* 5. 

Page  544. 

The  tine  of  the  notion  of  a mature  (tine  of 
flight/passage)  of  polar  relay  is  conparatively  great  and  it 

is  coaaensurable  with  tine  for  notion  to  start;  therefore 
the  curves  of  the  tine  delay  at  the  different  values  of 

working  anpere-turns  give  the  snaller  errors  during,  than 
curved  ones  of  triggering  tine  of  these  relays  at  the 
different  values  of  the  safety  factor  on  aapere*tur ns. 

Figures  14*14  and  14*15  gives  the  curves  of  the 
dependences  of  triggering  tine  on  the  aaount  of  power  input 

at  the  different  values  of  working  aapere*turns  for  the 
relay  of  types  TBfl,  BP- 4,  rp-7  and  THL. 
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-42<pqSQ7l  2»S7W  XX  SO  7C  no  ?00300 
Pig-  14-11.  Curved  of  dependences  of  coefficient  K on 
working  anpere-turns;  solid  lines  - with  direct  current; 
broken  - with  alternating  current  - 50  Hz.  1 - relay  of 
the  type  TRN;  2 - relay  of  the  type  BP;  3 - relay  of 
the  type  TRL. 
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Fig. 

factor 
1 - 
type 


Pig. 

relay 


PAGE  , 


545. 


14-12.  Curved  of  dependences  of  tine  delay  on  safety 
on  aapere- turns  with  constant  value  of  power  input, 
type  TRN,  P = 0.5  H;  2 - type  TRH,  P = 2 H;  3 

HP-4  e P = 0.05  H;  4 - type  TRL,  P = 0.05  V. 


(«' 


14-13.  Curved  of  triggering  tiae  of  polar  relays.  1 
of  the  type  T»(1#  K,  * 3 (function);  2 - relay  of 


the  type  TRH  (contact/start)  ; 3 


relay  of  type  f^P-4  and 


I 
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AP-5#  K,  - 5 (function);  4 - relay  of  type  f[P  -7,  K4 

(function);  6 - relay  of  type  HP-7  (co*tact/star  t) . 

Key:  (1).  ns. 


Page  546. 

The  tine  delay  of  type  ffP-4  during  a change  of  the 

excitation  of  winding  within  Units  fron  5 to  25  A¥ 

(change  in  the  value  of  the  coefficient  cf  reserve  K* 
approximately  fron  2 to  10)  can  be  expressed  approximation 
enpirical  foraulas:  within  the  linits  of  a change  of  the 

values  of  coefficient  of  n fron  8 to  60 


f | m | .4 IV*  l ,S  3 

(14-43.,) 

withie  the 

linits 

of 

values  n fron  20  tc 

200 

S' 

*CP  , 4 . 

1 m 1 * 

( 14-4ofc 

The  tine  for 

notion  to  start  (function 

of  the 

breaking 

contact)  of 

relay 

of 

type  f?P- 4 with  AH  » 

5-25  AV 

within 

the  linits 

of  values 

a fron  8 to  200 

1 m 1 .411* 

(14-43m* 

* 


The  tine  delay  of  type  ltP-7  during  a change  of  the 
excitation  of  winding  within  Units  fron  10  to  25  AV  (Kj 
* 2-5)  and  changes  in  value  n fron  3 to  50,  and  also 
during  change  AH  fron  25  to  50  (K,  = 5-10)  and  value  n 
fron  3 to  25,  will  be  equal  to: 


,fpa^wfb  (M]  (,4-44a> 

a within  the  linits  of  values  n fron  10  to  200-100,  with 
Ai  * 10-25  A?  and  values  n fron  5 to  100-50,  with  AH  = 

25-50  AV 


380 


'©r  ' 


■nr ) m 


(14-44 A) 


The  tine  for  notion  to  start  of  relay  of  type  AP  -7 


during  a change  in  the  anpere-turns  fron  10  to  50  (K, 
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3-10)  and  values  a froa  3 to 


The  value  of  coefficient  Cm  fCr  relay  of  the  type  BP 

is  equal  to  Cm  = 4,25.10*  to  oha. 

The  releasing  tine  of  relay  of  type  ftp-7  is  within 

the  Units  froa  1.8  to  2.8  as  for  the  freaking  contact 
and  froa  0.7  to  1.3  as  for  circuit  closing  contacts. 


40-20 

625 


lith 

the  shorting  of  the 

winding. 

which 

has  C\  = 10- 10~* 

oha,  the 

releasing  tine  of  relay 

[?P-7 

during 

excitation  to 

35  AV  is 

equal  to  <»■  = 100  + 200 

to 

ns. 

while 

during  larger 

excitation 

to  130-260  as. 
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Pig.  14-15.  Curved  of  dependences  of  triggering  tine  of 


polarized  relays  on  anount  of  required  power.  1 - type 


THi;  2 - type  RP-7. 


Ke  y:  (1).  ns.  (2).  AV.  (3) . 4. 


Page  54  8. 


Tine  of  triggering  of  relay  of  the  type  TRH  during 


the  supplying  into  its  winding  fron  75  to  400  AV  (K* 


1.8-10)  and  changes  in  value  a fron  6 tc  150  + 50: 


m ■ AW » 


( 1 4-45 


I 
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while  the 


Value 

Cm  ~ 2,15-10  ' 

oea 


tiae  foe  aotion 


r foe  relay  of 
(for  each  coil 


to  start 

ot  this 

relay 

. 137 

t„  — = . 

^ | m-  .4W' 

(14-4; 

the  typo 

TBH  is 

equal 

Cm  = 4,3. 10  • 

oh  a)  . 
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Chapter  Fifteen 


MAGNETOS LECTRIC  RELAY. 


15.1.  Cel 1/eleaents  of  calculation  of  aagnitoelect tic  relays. 


Haynitoelectric  they  are  called  the  relays  whose  action 
is  based  on  interaction  of  the  current,  which  takes  place 
on  winding,  with  the  aagnetic  field  of  the  peraanent 
aagnet.  These  relays  react  both  to  the  value  and  to 
direction  of  flow  in  their  winding. 

Nagnitoelectr ic  relays  have  very  high  sensitivity.  They 


are 

aanuf actured 

to  spill  currents 

froa 

0^6 

pA  and  is 

above 

(power  of 

function  froa 

10  " 

N)  • 

In 

this  case. 

their 

controlled 

power  usually 

is 

within 

the 

liaits  froa 

0.1  to  2 H.  one  Of  the  deficiency/lacks  in  these  relays 
is  relatively  long  triggering  tiae  - froa  0.01  to  0.5-2  s. 


t 
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Nagnitoelectr ic  relay  is  actually  the  measuring  aeter  of 
magnitoelectric  system,  on  framework  of  which  instead  of  the 
indicator  (rif leaa n/gunners)  is  fastened  the  lever  with  slide 
contact.  On  the  insulating  block,  strengthened  on  the 
housing  {panel)  of  the  relay  are  installed  two  fixed 
contacts  between  which  is  aoved  the  slide  contact.  Turning 
moment,  created  by  current  through  the  wicdinq  by  the  relay 
taking  place  (framework),  is  determined  by  the  following 
expression : 

(15-1) 

where  B - magnetic  induction  in  working  gap  in  T,  s an 

active  area  of  the  framework  in  cm*,  w - a turn  number 
of  the  winding  of  the  framework  even  I - a current  in  a. 

For  the  function  of  relay,  it  is  qecessary  that 
turniag  moment  will  be  more  than  the  sum  of  all 

torgue/moaents,  counteracting  to  the  motion  of  the  framework. 


During 

the 

motion 

of 

the  framework 

of  relay  turning  moment 

oppose 

the 

moment 

of 

frictional  force  Mrp  and  the 

ceactionar  y 

torgue 

of 

return  moment 

springs  A#BP.  The  moment 

of  frictional  force 


Mfp  = m’nr  Hi 


(15-2) 
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where  p 

is  the  coefficient  of 

friction#  fu 

- the  weight 

of  the 

aovable  systea  of  relay 

in  g and  rK 

- a radius 

of  the 

area/site  of  the  contact 

of  core  in 

cn#  i.e.#  a 

radius 

of  core. 

Page  550. 

Tor  a core  fron  carbon  steel  and  step  bearing  froa 
agate  the  coefficient  of  friction  p 0.13  [L.  15-1]. 

Beactionary  torque  of  the  springs 


where  w is  the  specific  reactionary  torque  in  g«cn  through 

radian  and  a - the  angle  of  rotation  of  the  nova ble 

systea  of  relay  in  radians. 

Onlike  usual  neasuring  aeters#  relay#  besides  the 
rotation  of  aovable  systea  through  certain  angle#  aust 
fulfill  the  supplenentary  aechanical  work#  necessary  for  the 
creation  (or  dist urbance/breakdovn)  of  the  electrical  contact 
of  the  controlled  electrical  circuit.  The  value  of 
supplenentary  torque/ none nt  during  function  Af* , in  deternined 
by  that  nininua  pressure  in  contacts#  which  it  is  necessary 


*7” 
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for  the  destruction  of  the  nonconducting  films,  which  are 
instantly  forned  on  the  surface  of  any  contact  naterial  in 
air.  The  value  of  supplementary  torque/nonent  at 
release/tenpering  M„  is  deternined  by  that  niniaua 
effort/force  which  is  reguired  for  the  disconnection  of 
contacts,  i.e. , for  the  overcoming  of  the  forces  of 
molecular  cohesion/coupling,  forces  of  electrostatic  attraction 
and  disruption  of  the  microscopic  liquid  bridges  which  are 
formed  between  contacts  during  interrupting  of  electric 
current. 


It  is  obvious  that  the  value  of  supplementary 
torque/nonent  Af„  is  not  constant,  but  it  depends  on  a 

number  of  factors,  somehow:  size/dimensions,  forns  and  the 
naterj.nl  of  contacts,  state  of  their  surface,  envir  onnental 
conditions  (composition  of  the  atmosphere,  its  temperature 
and  humidities)  and  of  the  paraneters  of  the  switched  by 

contacts  circuit  (stress  level,  current,  kind  and  type  of 
load) • 


In  the  case  of  the  ideal  balance  of  movable  system 
daring  function,  electrical  turning  moment  aust  be  equal  to: 


^/,cp  = M,  + Aftp  + 


l 1 


¥ 
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a with  the  release /tempering 

M»om  “A/,  — A/rp  — A/tf 

Let  us  exaaiae  the  case  of  nagnitoelectric  relay  with 
the  stud  switch  when  slide  contact  in  the  absence  of 
current  is  closed  with  one  of  the  fixed  contacts. 

At  tfae  initial  aoaent  in  the  absence  of  coil  current# 
the  slide  contact  is  pressed  against  aoticnless  with  force 
fo#  and  the  torgue/aoaent  of  the  contact  pressure,  created 
by  the  twisting  of  aoaent  springs  on  angle  o0, 

= fo1,  (15.4) 

where  * is  a distance  of  contact  fron  the  axis  of 

rotation.  1 

Page  551. 

So  that  these  contacts  will  be  disconnected , it  is 
necessary  that  electrical  turning  aoaent  Af„  will  be  sore 
than  the  sua  of  the  torque/aoaents#  created  by  contact 
pressure,  bearing  friction  of  rotation  and  by  suppleaentary 
effort/force,  were  necessary  for  the  disconnection  of  the 
locked  contacts,  i. e.. 
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Af »i  5'  A/ .0  i A/ tp  -f  -V 


(15  5) 


where  A/„  is  the  torque/aoaent,  necessary  for  the 
disconnection  of  contacts. 


Electrical  turning  aoaent,  necessary  for  the 
closiag/shor ting  of  opposite  contact  and  creation  in  it  of 
the  necessary  contact  pressure,  obviously.  Mill  be: 

Kz  > »/„  + M.  + •»/«.  > i-  A/rp  -(-  A/;u.  + M.  f Afal,  (15-0) 

where  Af M - the  torque/aoaent,  necessary  for  the  creation  of 
the  ainiaally  permissible  contact  pressure. 


During  reduction  in  current  in  the  winding  of  the 
framework,  the  contacts  are  broken  under  condition  when 


A/ik>t  *-  A/,  -j-  M *,  — M Tp  A/,n;. 


(15-7) 


For  return  of  slide  contact  to  initial  position  and 
the  closing/shorting  of  resting  contact  with  the 
disconnection  of  current  within  the  fraaework,  it  is 
necessary  that  the  torgue/aoaent  Af*,  will  be  aore  than 
aoaent  of  friction 


Af  Tj>- 
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The  relay  reset  coefficient,  obviously,  can  be  expressed  by 
the  following  foraula: 


*. 


v.  + ®^HV  • 


(15-8) 


The 

great 

possible  value  of 

resetting  ratio 

will  occur  in 

the 

ideal 

case  when  = 0 

and  = Myp.  Then, 

set/as  suai ng 

A 

we  wi 

11  obtain  for  the 

naxiaua  value  of 

resett ing 

ratio: 


(15-8«) 


Consequently,  the  value  of  the  relay  reset  coefficient 
increases  with  an  increase  in  the  reactionary  torque  of 
springs  and  redaction  in  the  weight  of  novable  system. 


If  the  snail  pernissible  pressure  in  contacts  is  taken 

ns  equal  to  fa  = 20  nti  and  distance  l * 5 an,  then  is 

iaititl  noaent  Af.,  “ 20-0,5  = 10  nG«ca.  Set/assuainq  r,  = 20  aa  and 
f.  - 2,5 

g,  we  will  obtain: 


AfTp  = 0,13.20  10  « • 2, 5 -0,65  aG*ca. 


Kith  the  value  of 


reactionary  torque  150  '^•cm 


HEM 
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Page  552. 

If  we  decrease  the  reactionary  torque  to  10  ag  cn, 

then  resetting  ratio  will  be  equal  to  0.326. 

The  tiae  delay  depends  on  the  safety  factor  on  the 

spill  current  and  values  of  the  resistor/resistance  for 
which  is  locked  the  fraaework. 


On  value  of  this  resistor/resist ance  depends  the 
oscillatory  or  aperiodic  state  of  notion  of  the  aovable 

systea  of  relay.  The  external  critical  resistor/resistance, 
during  which  oscillatory  state  of  notion  changes  to 

aperiodic,  approxiaately  can  be  deterniaed  by  the  for aula: 


where  B - 
an  area  of 
the  aoaent 
ip  cn4,  fl 


^U.  up  = 


ZB*S*w* 


(15-! 


10»  v JM 

nagnetic  induction  in  working 
the  fraaework  in  cn2,  w - a 
of  the  inertia  of  the  aovable 
- reactionary  torque  of  spring 


gap  ia  nj,  S 

turn  nuaber,  J 
systea  of  relay 

qo° 

in  g«ca^  and  r 


winding  inpedance  of  relay 
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Calculation  of  aagnetic  systea  of  relay  with  inner  fraae 
aagnet. 

The  aost  advantageous  aagnetic  systea  for  a 
aagnitoelectric  relay  is  the  systea  with  inner  fraae  aagnet, 
depicted  in  Pig.  by  15-1,  since  it  has  snail  scattering. 

Hagnetic  induction  in  the  working  gap  of  systea  is 
nonuniforn  and  it'  roaches  aaxinua  in  the  direction  of  the 
axis  of  aagnetization. 

For  the  deteraination  of  the  law  of  induction 
distribution  in  gap  is  peraissible  that  the  field  of  aagnet 
is  unifora,  and  let  us  isolate  eleaentary  layer  by 
thickaess  d.  The  direction  of  field  in  gap  is  perpendicular 
to  the  surface  of  aagnet  and  cylindrical  fraaework. 

A • 


m 
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The  operating  point  of  nagnetic  systen  is  ~ deternined 
from  denagnetization  curve  with  the  aid  of  angular 
coefficient  (9  l-H) 


tff  V 

= 1 

mH  _ 

D sin<}  «H  /)mH 

rmH 

™ » 

JFll 

.,2#  . 26m  u ~ 

a ad 

mK 

are 

scale  factors. 

Consequently,  nagnetic  induction  in  all  sections  of 
aagnet  is  identical'  and  does  not  depend  on  angle  #. 


Cap  density 

B = Bt^k  = Btksintf,  (15-12) 

where  B«  is  nagnetic  induction  of  negnet  end  k 

coefficient  of  the  use  of  a nagnetic  systen  (k 


the 

0. 5-0.8) 


Thus,  in  gap  nagnetic  induction  is  distributed  according 
to  the  law  of  sine;  at  snail  angles  it  is  possible  to 
count  the  induction  of  uniforn. 


15-2.  tfagnitoelectric  relay  of  type 


2 
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Pi9*  15—1.  Hagnetic  systea  with  inner  fraae  aagnet. 

Page  553. 


Average  length  of  layer  1 - d sin  4,  where  d.  the 

diaaeter  -cf-  aagnet'/.  The'  cross-sectional  area  ~ of  layer  q 
dh,  where  h - the  height/altitade  of  aagnet, 

sin  <p  = 

where  SE  is  the  cross  section  of  aagnet  and  Sl  * the 
cross  section  of  air  gap. 


Surface  area  S through  which  eaerges  the  aagnetic  fl 
of  layer. 


dh 


sin  q- ' 


The  resistor/resistance  of  the  gap,  liaited  by  surface  of 

S. 


D 2*  2«  . 

“l  = S=dh  s,n  T. 


where  6 is  length  of  air  gap. 


(15-10) 
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Hagnitoelectr i c 

a burdock 

of  type  i ml  2, 

developed 

K.  Shtremberg,  is 

intended  for 

the 

autoaatic 

adjust  ment 

transmission  level 

in  eguipaent 

for 

long-distance 

comb unicat ion. 

Belay  can  be  operated  during  changes  in  the  tenperature 
of  surrounding  air  fron  0 to  *U0°C  and  relative  hunidity 
65  ± 15o/o. 

ft/W£ 

The  general  view  of  relay  of  type  e«i-2  is  shown  in 
Pig.  15-2. 

Page  554. 


Belay  has  one  stud  switch.  The  aagnetic  system  of 
relay  consists  of  right-angled  (framework)  aagnetic  circuit 
(31  z 37  x of  38  aaj)  within  which  on  twc  holders  froa 
aluminum  fusion  with  zinc  is  fastened  inner  fraae  aagnet 
froa  alloy  anko-4  with  the  poles  of  cylindrical  form. 
Size/diaensions  of  aagnet  17  x 29.5  x 28  aa  (diaaeter  of 
aachiaing  - 29.5  aa) , weight  - 90  g. 

In  the  radial  aagnet  gaps  and  by  fraaework  rotates 
aovable  systea  - the  aluainua  fraaework  with  winding  and 
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two  internal  steel  cores.  Magnetic  induction  in  working  gap 
0.4  el.  Active  section  of  the  franework  8.7  c«*.  Step 
bearings  are  fastened  on  the  holders  of  those  who  were 
screwed  on  to  franework.  The  winding  of  the  franework  has 
1000  turns  of  wire  as  a dianeter  0.04  nn  (PEL).  Minding 
inpedance  of  the  franework  1850  oha.  Weight  of  the 
franework  with  the  winding  2.5  g.  The  supply  of  current  to 
the  winding  of  the  franework  is  realized  with  the  aid  of 
the  annealed  tapes  by  thickness  4-5  p with  the  negligibly 
snail  reactionary  torque.  On  top  on  novable  system  is  stuck 
holder  with  the  two-way  slide  contact  of  cone-shaped  forn. 
Distance  of  contact  froa  rotational  axis  5 nn. 


Fixed  contacts  - flat/plane,  by  dianeter  3 nn;  they 
ace  establish/installed  on  two  contact  springs  which  are 
fastened  on  the  holders,  screwed  on  to  end-type  block  fron 
plastic.  Contacts  are  nade  fron  palladiun  fusion  with  silver 
(40o/o)  • 

The  recurrent  torque/aoaent  of  relay  is  created  by  the 
helical  spring  whose  internal  end/lead  is  soldered  to  the 
holder  of  slide  contact,  and  external  - to  the  novable 
(adjusted)  current  distributing  spring,  establish/installed  on 
block.  Torque/nonent  of  spring  180  ng «cn  during  the  rotation 
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of  the  fraaework  through  2.5°  (6500  ag*ca  - through  90°). 

The  aovable  current  distributing  spring  has  a gash, 
which  aakes  it  possible  for  it  to  be  aoved  on  circular 
arc  and  to  twist  helical  spring  to  certain  angle. 
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Pig.  15-2.  toliya  of  type  08*2. 


Page  555. 

So  that  the  relay  could  note  the  current 
winding  of  relatively  certain  value  CO. 5-1  aA) , 
to  the  datua  level  of  control  curreat  Ar.  the 


variations  in 
cor respondi ng 


nova  ble 
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system  of  relay  lust  at  this  value  of  current  be  located 
in  the  aid-position.  This  is  reached  by  the  twisting  of 
return  spring  to  the  angle,  which  corresponds  to  the 
noainal  value  of  control  current. 


The  distance  aaong 
The  sensitivity  control 
adjusting  screws,  which 
with  "fixed  contacts". 


contacts  is  aore  than  2 x 0.2  mm. 
of  relay  is  realised  by  two 
make  it  possible  to  wove  springs 


Relays  are  aanufactured  at  the  noainal  values  of  the 
control  current:  0. 1-0.  125-0.26-1. 05  and  1.1  aA  react  to 
changes  in  current  ±50  (000)  p A and  power  *4.6  pH.  Error 
in  the  spill  current  because  of  variation  00  pA. 

Relay  for  a control  current  0.1  aA  breaks  n. z. 


contacts  with 

current 

not  aore 

than 

62 

pA  and  closes 

then 

with  current 

not  less 

than  54 

M** 

and 

n.r.  contacts 

are 

closed  with  current  not  aore  than  146  pA  and  are  broken 
with  current  not  less  than  138  p A.  Relay  reset  coefficient 
0.87-0.945. 


Relay  for  a control  current  1.05  aA  breaks  n. z. 


contacts  with  current  not  aore  than  1.016  aA  and 


closes 
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them  with  current  not  less 

than 

1.004 

■A# 

and 

n.  r • 

contacts  are  closed  with  current 

not 

more 

than 

1.096 

mA 

and  are  broken  with  current 

reset  coefficient  0.99. 

not 

less 

than 

1.084 

n A. 

Relay 

To 

avoid  victuals 

of  the 

contacts 

of 

relay. 

m ust 

switch 

resistive  load 

not  more 

than  16 

lA 

with 

vo It  age  24  v 

in  (0. 

38  H)  direct  current.  During  the 

use 

of 

an  inductive 

load. 

for  example  the 

winding 

of  relay 

of 

the 

type  RPN, 

the  latter  Bust  be  shunted  by  effective  resistance  3000 

chi. 


Service  life  of  the  relay  of  10s  cycles.  Triggering 

tiie  is  comparatively  great.  Figures  15-3  gives  the  curves 

R/yjt 

of  the  dependences  of  the  tiie  delay  of  type  em9- 2 on  the 
value  of  coil  current  at  the  different  adjustment  of  relay 
and  the  different  values  of  suppleientar y external 
resistor/resistances  (R  * 0 and  R * 10000  ohm). 

Of  relay  without  the  preliminary  twisting  of  return 
spring  (during  neutral  adjustment)  with  dual  reserve  on 
spill  current  (1  » 100  pA)  and  supplementary 

resistor/resistance  20000  ohm  triggering  time  is  equal  to 
130  as.  With  current  250  pA  (K,  * 


5)  triggering  time 
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decreases  to  50  ns,  while  with  current  500  pA  - to  30 


The  tine  delay  depends  also  on  the  angle  of  the 
pfelininary  twisting  of  return  spring«.  The  recurrence  t i*e 
of  relay  to  the  contact  of  rest  with  the  disconnection  of 
the  current  of  the  aid-position  /*>  depends  on  the  value  of 
this  current,  i.  e.,  on  the  angle  of  twist  of  spring. 


Fage  556. 


Mith  /8P  = i,05  nA  the  recurrence  tine  of  the  contact  of 
relay  is  8-10  ns.  Insulation  of  winding  and  contacts  of 
relay  is  aaintain/wit hstood  500  V eff.  Electrical  insulation 
resistance  is  nore  than  100  HQ. 


Conclusion/derivations  fron  winding  and  the  contacts  of 
relay  of  type  m*-2  are  conducted  to  a plug  cut-in  block 


of  type  «p-4,  fixed  to  the  lower  end/face  of  franework. 

The  upper  end-type  block  of  relay  with  contact  systea  is 
closed  by  cap/cover  fron  plastic.  In  appearance  of  relay  of 

fim£  ftp 

type  SBd- 2,  it  is  siailar  to  a polar  relay  of  type  e^-4. 

Overall  diaensions:  33  x 39  x 76  na  (taking  into  account 
the  length  of  the  current-carrying  knives  and  plugs  of 


i 


il 
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attach aent  - 33  z 39  x 89  aa).  Might  of  relay  300  g. 


Pig. 

15-3.  Carved  of 

da pen dances 

of  tiaa 

delay  of 

type 

*SL* 

on  coil  currant. 

1 - the 

neutral 

ad justaent 

of 

;cpMII  ” 

o;  2 - the  value 

of  control 

currant 

^cpwm  ■*  1,05 

>1. 

Key:  (1).  as.  (2).  oha. 


Paga  557. 

I&3. 

Magaitoalactric  ralay  of  typaa  8201,  8202,  8219  and  8225. 
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The  aagnitoelectric  relays  of  types  8201,  8202,  8219 

and  8225  are  intended  fcr  a direct  work  iron  the  prieary 
sensors  of  very  seall  power  (photocells,  piezoelectric  cells, 
induction  converters  and  of  the  like). 


These  relays  can  be  operated  during  changes  in  the 
temperature  of  surrounding  air  froa  -40  to  ♦50°C  and 
relative  huaidity  to  80o/o,  and  also  with  relative  huaidity 
to  98o/o  at  temperatures  froa  5 tc  20°C. 

The  general  view  of  relay  is  shewn  in  Fig.  15-4.  The 
relays  of  types  8201  and  8202  have  cylindrical  fora;  the 
diaaeter  of  relay  51  aa,  length  60  aa;  the  weight  of 
relay  is  not  aore  than  350  g. 

These  relays  have  magnetic  system  with  two  external 
aagnets,  arrange/located  within  framework. 

Movable  winding  is  wound  around  the  open  aluainua 
framework;  winding  impedance  200,  850  or  by  1700  oha 

♦ 415-20)o/o. 

Relays  have  one  stud  switch.  Contacts  are  wires  froa 


the  alloy  of  brand  pH- 10  by  diaaeter  0.15  aa,  which 


t 
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intersect  at  right  angles. 

Slide  contact  is  fastened  on  the  framework,  and 
motionless  on  insulating  block.  Recurrent  torgue/aoaent  is 
created  by  two  helical  springs.  The  adjustment  of  fixed 

contacts  is  realized  with  the  aid  of  two  adjusting  screws. 

The  construction  of  the  relay  of  types  W201  and  B202 
is  identical.  The  slide  contact  of  relay  of  the  type  M201 

has  couon  point  with  the  winding  of  the  framework,  the 
contact  system  of  relay  of  the  type  8202  is 

isolate/insulated  from  winding. 

The  power,  necessary  for  the  function  of  the  relay  of 
different  performances,  is  within  the  limits  from  0.8-10"10 
to  1»2*10~?  W.  Spill  current  of  relay  from  0.6  to  26  *iA, 
the  instability  of  spill  current  ^(7-15)  o/c. 

Due  to  a comparatively  low  value  of  reactionary  torque 

(from  0.13  to  5 mg*cm)  the  relay  reset  coefficient  is  very 
low. 

For  the  ezception/elimination  of  the  possibility  of 
scaling  of  the  contacts  of  the  relay  with  of  the 
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disconnection  of  current  in  its  winding,  it  is  necessary 
after  closing  of  contacts  to  short-tera  increase  current 
within  the  franework  to  50-200  pA  or  tax  into  the  circuit 
cf  the  franework  the  current  pulses  of  opposite  direction. 

Hith  an  increase  of  the  current  within  the  franework 
to  50-200  pA,  the  fixed  contact  caves  in^  and  after  the 
disconnection  of  circuital  current  of  the  franework,  this 
contact  is  straighten/rectified  and  reject/throws  slide 
contact  to  initial  position. 

Period  of  the  free  fluctuations  of  the  novable  systen 
of  relay  of  approxinately  1.2  s.  External  critical 
resis^.or/resistance  approxinately  fron  5000  to  30000  ohn. 
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Pig.  15-4.  Hagai  toolectric  relays:  a)  types  H201,  H202;  b) 

type  H219;  c)  type  H225. 

Page  5S8. 

With  the  shunting  of  the  Minding  of  relay  by  the 
resistor/resistance  whose  value  is  lower  than  critical,  and 
the  safety  factor  on  spill  current,  egual  to  1.3,  the  ti 
delay  is  equal  approxiaatel y to  5-6  s. 

The  aaxiaua  value  of  circuital  current  contactor  0.15a 
voltage  on  dead  contacts  it  is  desirable  to  have  not  les; 
than  9 v and  not  sore  than  35  v. 
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The  service  life  of  contacts  with  resistive  load  0. 15 
a are  35  in  is  not  less  2*10*  functions^ 

Sealing/pressurization  is  realized  by  the  sealing  rubber 
rings  as  drying  agent  it  is  used  silica  gel. 

A relay  of  the  type  N219  has  saaller  overall 

diaensions.  the  diaaeter  of  relay  35  aa  length  57  mm. 
Height  of  approziaately  100  g. 

Belay  has  aagnetic  systea  with  inner  fraae  nag  net  and 

one  stud  switch. 

Contacts  are  aade  froa  the  alloy  of  gold,  palladiun 

and  platinua. 

The  power  of  the  function  of  relay  is  within  the 
Halts  froa  4«10”*  to  7«10~"*  i,  spill  current  is  froa  1.2 

to  30  pi.  Minding  iapedanCe  500,  800  or  by  2000  oha. 

A relay  of  the  type  H219  is  nanufactured  in  two 

aodif ications:  with  the  winding,  isolate/insulated  froa  slide 

contact,  and  which  has  coaaon  point  with  this  contact. 
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The  smallest  overall  dimensions  it  has  relay  of  the 
type  H225.  The  diameter  of  this  relay  is  equal  to  -7  "m' 
length  40  mm,  weight  does  not  exceed  40  g- 

Power  of  the  function  of  relay  about  2. 5-10'*  «.  Belay 
has  two  independent  bindings  and  one  stud  switches. 


toad,  switched  by  contacts,  and  the  perioa  of 
service  the  same  as  in  the  relay  of  types  H20I, 


their 
H202  and 


H219. 

1 rolnj  of  the  type  »225  h‘s  *irti«ht  ■®ttl  housin’* 
cone lusion/der ieat ions  ore  reclined  thromjh  the  *l«ss  bane. 
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Chapter  Sixteen 


BELAY  POB  THE  CONNOTATION  OF  THE  CIRCUITS  OF  HIGH 
FREQUENCY. 


16-1.  General  inforaation. 


f 

1 


For  the  coaautation  of  the  circuits  of  high  frequency, 
are  applied  elect roaagnetic  relays  with  special  contact 
systea  ("high-frequency  relays") , that  has  saall  electrical 
the  capacitance/capacity  between  dead  ccntacts,  high 
electrical  insulation  resistance  and  low  dielectric  losses  in 
the  circuit  of  contacts. 

The  windings  of  high-frequency  relays  are  usually 
supplied  froa  the  grid/network  of  direct  current  or 
alternating  current  by  frequency  50  Hz.  The  contact  systea 
of  high-frequency  relays  is  collect/built  on  the  basis, 

I 

prepared  froa  high-frequency  ceraaics,  high-frequency  plastic 

«fl 

I ■ 

< I 


w 
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or  glass. 

In  the  case  when  is  required  very  high  insulation 
resistance,  the  contact  systea  of  relay  is  insulated  by 
anber,  polychloro trif luoroet hylene  or  polystyrene. 

For  a decrease  in  the  capacitance/capacity  between 
contacts,  the  contact  springs  have  snail  sixe/diaensions  and 
are  arrange/located  at  an  angle  of  approxiaately  45,  90  or 

180°  relative  to  each  other.  In  the  latter  case  the 
circuit  of  contacts  has  the  saallest  inductance. 

With  an  increase  in  the  diaaeter  of  its  wire 
inductance  decreases.  Flat  springs  have  saaller  inductance 
than  wire. 

A decrease  in  the  capacitance/capacity  of  contact  systea 
relative  to  housing  is  achieved  by  an  increase  in  the 
distance  of  contact  springs  froa  the  current-carrying  and 
grounded  parts  of  the  relay  or  by  the  shadowing  of  the 

circuit  of  contacts. 

For  the  coaautation  of  circuits  with  the  frequency  of 

aore  than  100  HHz,  are  applied  the  so-called  coaxial  relays 
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- the  electroaag netic  relays  whose  contact  system  is 
included  into  cylindrical  screen.  With  the  well  urged 
couplings  coaxial  relays  can  be  applied  at  fregoencies  to 
500-5000  HHz. 

Page  560. 

The  contact  springs  of  coaxial  relay  have  largely 
flat/plane  section,  the  end/leads  of  the  springs  and  screen 

conclude  with  high-frequency  couplings  for  the  inclusion  into 
the  circuit  of  coaxial  cable. 

The  contacts  of  high-frequency  relays  usually  are 
wanufactured  froa  the  alloys  of  gold*  palladium  or  platinuw. 
For  a conautation  with  high  speeds  of  high-frequency 
circuits  at  low  contact  pressures,  are  applied  vacuum  or 
gas-filled  contacts.  Vacuum  contacts  are  applied  also  for 
the  commutation  of  the  circuits  of  high  voltage  and  high 

frequency. 


The  capacitance/capacity  of  the  contacts  of  many 
miniat ure/saal 1 electromagnetic  relays  is  comparatively  small, 
and  usual  relays  frequently  are  utilized  for  the  commutation 
of  high-frequency  circuits. 
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The  capacitance/capacity  between  the  contacts  of  the 
dorsal  designs  of  contact  9roops  (f(lcka<|e  t,pe)  is  e,pcessed 

approziaatel j by  the  following  foranln: 

where  b - width  Cf  contact  sprlng  ±B  c>^  , . 1#ngth  Qf 

the  test  section  of  contact  spring  in  ca,  /.  - length  of 


a distance  between 


- a 


insulating  plate  between  springs,  a - 
springs  in  ca,  A„  - thickness  of  separator  in  ca. 
dielectric  constant  of  the  environaent  (for  air  « - 1)  „d  en 
a dielectric  constant  of  the  naterial  of  separator  (for 
getinaz  e„  = 4,5,  for  plastic  ^ — 4-*-6). 


with  the  location  of  contact  springs  into  one  line, 
capacitance  value  between  contacts  will  be  equal  to: 


1,1 


*5 

4xA 


(16-2) 


where  /„  - length  of  the  overlapped  part  of  contact 

springs  in  ca. 


The  capacitance/capacity  between  the  contact  springs  of 
round  cross-section  (wire  springs) 


11 


(16-3) 


V 
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dhtrt  lu  is  length  of  the  part  of  the  spring*  pressed 
into  plastic*  in  ca*  *«  are  a dielectric  constant  of 
plastic*  h - the  distance  between  centers  of  springs  in  ca 
and  d - the  wire  diaaeter  in  ca. 

capacitance/capacity  between  the  contact  spring  of  round 
cross-section  and  flat/plane  housing  i(screen) 

C*  - 0,0886  — , (16-4) 

,n7 

where  h - the  distance  between  centers  of  wire  and  housing 
(screen) . 


Page  561. 


Jn  coaxial  relay  the  capacitance/capacity  between  contact 
springs  to  by  housing  (by  screen,)  if  we  disregard  the 
effect  of  the  stand-off  insulators  due  to  their  snail 
length*  will  be  equal  to: 


where  D ia  an 


t\  « 0.0886  , 

inner 


2 ntl 
In  I)  «j'  ' 

diaaeter 


of 


(16-:.) 

screen  in 


ca. 


Nave  iapedance  of  coaxial  relay  with  the  contact  spring 

of  the  roead  crosa-section 

7 =.  138ML- 
I « 


(16-6*) 


" 
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The  wave  iapedance  of  coaxial 
contact  spring 

Z = 1381g^, 

where  b is  width  of  contact 


relay  with  the 

(16-66) 

spring  in  ca. 


flat/plane 


Table  16-1  gives  corrected  values  of  the 
capacitance/ capacity  between  contact  springs,  and  also  between 
contact  springs  and  housing  for  the  different  types  of 
electronag netic  relays. 

Fron  data  given  in  this  table,  it  follows  that  the 
snallest  capacitance/capacity  of  contact  systen  anong 
nonhigh-frequency  relay  have  relay  of  types  BESS,  BBS9  and 
IlES-15.  It  is  necessary  to  note  that  the  slide  contact  of 
relay  of  the  type  BES10  has  connection  with  housing. 
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Table  16-1.  Ctptcit*BC«/cap«cit7  of  contact  systeas  of  relay* 


Cl 

Tmi  pojic 

KOHTBK* 
TAMM  C„, 
nf 

< 

KOHTBK- 

TBMH  ■ I 

Kopny- 
COM  CKt  i 
rs#> 

£ 

Tun  pfcie 

& 

ST 

UmmM7 

KOVTBK- 

Tain  CK. 

n|P 

KoaraK- 
itin  ■ 

Kopny- 
co«  CK, 

1 n/ 

P3B1 

[ 2,2-2  3 

2,1—  3,0 

1 PIIO-4 

20-30 

21—50 

PnB  1/2-20 

2,1— 2.5 

2,3- 3.9 

I PIIC20 

0.6  -1,2 

j 2 o ? 

K-201 

1,5 — 1.7 

1.6 -2,3 

1 TPM 

19-24 



HaU'iKOBOP  Hop- 

0, 5-1.0 

1,8— 4,0 

pnH 

7,5-  7.8 

7,6-  9.4 

uajibHoe  ^ \ 

! PKH 

10-14 

12,8-18,0 

H3UMKOBOO  MHHHa- 

0.2  0,5 

0,7— 2,0 

PKM-1 

6.0- 7,2 

7,0 -8.0 

Tiopaoe  'o'1 

P3C14 

2,7— 3,6 

7,6- 7,8 

P3C6 

3.4  -3.6 

5.8- 6.1 

PKM11 

7,9  8,6 

7.5  -10.0 

P3C7 

2.1  —2.2 

4,2 -4.5 

PC-13 

4,4- 5,5 

5,5— 7,5 

P3C8 

0.6  0.8 

1.3  -2,7 

PC-52 

4,4- 5,5 

5,5- 7,5 

P3C9 

0,9— 1.0 

1,2— 2.8 

PMV 

3,7 -4,2 

4,3 -7,0 

P8C10 

1.0 — 1,2 

1.5- 5.9 

PMvr 

5,3 — 7,0 

7,6- 9.1 

P9C15 

0,8— 0.9 

1.0— 4,1  | 

pflMr 

7,4  -7,6 

6,4—16.1 

P8C22 

2,6  -3,2 

3, 0-4.6 

P11HB 

4,9— 5,5 

5,4 -5,6 

PCM-1 

2,4— 3,0 

2,4— 5,5 

P3H17 

3.1  -3,5 

5.2— 6,9 

pn-4 

5,9— 6,8 

12-26 

MKV-48 

3, 4-4,0 

5,0 — 6,6 

Key:  (1).  Type  of  relay.  (2).  Between  contacts.  (3). 

Between  contacts  and  housing.  (4).  Ovular  noraal.  (5). 


Ovular  miniature. 
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16-2.  Relays  of  the  type  REV1  (RVH01). 


A relay  of  the  type  BEV2 
of  the  circuits  of 


is  intended  for  the 
high  frequency  (7-15 


conautation 


kH  z)  in 
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equipaent  for  long-distance  conaunicat ion. 

Belay  can  be  operated  with  t eaperatures  froa  -60  to 
♦85°C,  relative  huaidity  to  98o/o  at  20°C#  vibrations  with 
frequency  10-50  Hz  during  acceleration  to  3 g and  with 
frequency  50-75  Hz  - to  2 g.  The  general  view  of  relay 
of  the  type  BBV 1 is  given  in  Pig.  by  16-1. 

Magnetic  systea  is  analogous  to  the  aagnetic  systea  of 
relay  of  the  type  RHU.  Diaaeter  of  core  8 an,  length  32 

■a. 

Belay  has  one  stud  switch.  Coptact  springs  are  riveted 
to  base  froa  high-frequency  ceraaics.  This  base  has  stepped 
fora  and  is  fastend  to  the  housing  of  relay.  For  a 
decrease  in  the  capacitance/capacit y#  the  contact  springs 
have  L-shaped  fora  and  fora  by  theaselves  rectangle  with 
contacts  in  one  of  the  angles.  Upper  contact  spring  is 
arrange/located  along  the  diagonal  of  this  rectangle. 

The  ar nature  of  relay  is  held  in  initial  position  by 
two  return  springs.  At  end/lead  of  one  of  the  levers  of 
acaature,  is  fastened  cylindrical  bush  froa  ceraaics  for  the 
transaission  of  the  effort/forces  of  araatore  to  wovable 
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contact  spring. 


To  the  end/leads  of  the  springs,  are  riveted  the 
contacts  froa  alloy  pll-10  by  diaaeter  2 aa.  Pressure  in 
the  contacts  20-30  g,  the  gap  between  the  contacts 
0.35-0.45  aa.  Course  of  the  araature  of  relay  0.4  an,  the 
height/altitude  of  the  plug  of  loosening  0.05  aa.  Pressure 

cf  return  springs  10-12  g.  The  noaiaal  voltage  of  winding 

24-75  v,  consuaed  power  at  the  aoaeat  of  function  (at 

unheated  winding)  and  teaperature  20®C  is  egual  to  0.62-0.0 
S.  Power  of  the  function  of  relay  0.25  i.  Greatest 
peraissible  continous  rating  2 8 (at  4 * 50®C) . 


Pig.  16-1.  1*1*7 • of  type  BET  1. 


Pag*  563. 

In  Pig.  16-2  ace  constructed  the  curves  of  the 
dependences  of  triggering  tine  and  release/teapering  of  relay 
of  the  type  RET  1 on  the  aaount  of  power  input.  Proa  these 
curves  it  follows  that  with  noainal  voltage  triggering  tiae 
of  the  circuit  closing  contacts  of  relay  is  equal  to  10 
as,  and  breaking  ? as.  Releasing  tiae  is  respectively  equal 


to  4.2-5. 2 as. 
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Capacitance/capacity  between  the  dead  contacts  2.2  pF, 
the  greatest  capacitance/capacity  between  contact  springs  and 
housing  3.0  pF. 

The  testing  voltage  of  insulation  of  winding  and 
contacts  1000  V eff.  The  electrical  insulation  resistance  of 
contacts  is  nore  than  100  HQ.  Service  life  of  the  relay 
of  10s  cycles  with  current  la-24  V. 

Overall  diaensions  of  relay  24  x 34.3  x 44.5  as. 


weight  60  g. 


' 
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re lease/ te aper ing  of  relay  of  type  RE?1  on  amount 
input.  1 - circuit  closing  contact;  2 - breaking 

Key:  (1).  as.  (2).  U. 


Page  564. 


e an  d 
of  power 
contact. 


16-3.  Relays  of  the  type  RPV1/2-26 
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A high-frequency  relay  of  the  type  BPV1/2-26  is 
intended  for  the  coaautation  of  circuits  high  of  frequency 
in  ainiat ur e/s aall  movable  equipment  with  the  fluctuations  of 
teaperature  froa  -60  to  ♦80°C#  relative  huaidity  to  98o/o 


at 

teaperature  of 

20  ♦ 5°C* 

with 

vibraticn  of  the  places 

of 

attachaent  with 

frequency 

10-70 

HZ 

and  acceleration  to  4 

g 

and  ataospheric 

pressure  to 

90 

aa 

Hg. 

The  general  view  of  relay  of  the  type  HPV1/2-26  is 
shown  in  Pig.  16-3.  The  aagnetic  system  of  relay  is 
analogous  to  the  aagnetic  systea  of  relay  of  the  type 
HE¥1 , but  soaevhat  saaller  size/diaensions ; the  dianeter  of 
core  6 aa,  length  26  an. 

Armature  has  on  the  side  elongated  lever  with  ceraaic 
bush  at  end/lead  for  displacing  the  aovable  contact  spring. 

Belay  is  equipped  with  one  stud  switch.  Contact  springs 
are  civeted  to  base  froa  high-frequency  ceraaics  of  stepped 

i 

fora. 


For  a decrease  in  the 
springs  are  spread  and  have 
of  the  springs*  are  riveted 


capacitance/capacity*  the 
L-shaped  fora.'  To  the 
single  silver  contacts. 


contact 
end/lea ds 
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Course  of  the  araature  of  relay  1 Pressure  in  the 

contacts  15-20  g,  the  gap  between  the  contacts  0.5  am. 
Nominal  voltage  of  winding  27  in  direct  current,  the 
required  power  with  the  unheated  winding  1.52  H.  Power  of 
function  0.6  V.  Greatest  pernissible  continous  rating  2.0  w 
(at  # = 50°C) . C&pacitance/capacity  between  the  dead 

contacts  2.5  pF,  the  greatest  capacitance/capacity  between 
contact  springs  and  housing  3.5  pF. 

Znsulation  of  contact  springs  naintain/withstands  testing 
voltage  500  v eff.  Service  life  of  the  relay  of  10* 
cycles. 

Overall  dinensions:  24  x 29  x 32  an,  weight  42  g. 
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16-4.  Relays  of  the  type  K-201. 


A relay  of  the  type  K-201  is  intended  for  the 
commutation  of  the  circuits  of  high  frequency  (5  NHz)  and 
of  the  increased  voltage  in  radio  equipment.  Relays  can  be 
operated  with  temperatures  froa  -60  to  ♦60°C#  relative 
hunidity  to  98o/o  at  20°c , vibraticns  with  frequency  15-18 
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Hz  upon  acceleration  1 g and  at  atmospheric  pressure  to 
144  ■■  Hg. 

The  general  view  of  relay  of  the  type  K-201  is  shown 
in  Pig.  16-4. 


The  magnetic  system  of  the  relay  of  w-shaped  form. 

Diameter  of  core  6 mm,  length  32  mm.  Diameter  of  the  pole 
piece  9 mm.  Belay  has  one  stud  switch. 

Motionless  contact  springs  are  fastened  on  long 
cylindrical  insulator  from  radio-ceramics,  the  screwed  on  to 
housing  relay.  Diameter  of  insulator  6 mm,  overall  length 
41  mm.  Movable  contact  spring  is  fastened  at  the  armature 
cf  relay  and  it  is  isolate/insulated  from  it  by  cylindrical 
insulator  by  length  5 an  from  radio-ceramics.  Armature 
returns  to  initial  position  with  cylindrical  hair  spring.  To 
the  end/leads  of  contact  springs,  are  riveted  the  single 

silver  contacts  by  diameter  3.5-4  an. 

Course  of  the  armature  of  relay  0.8  am,  the 

remanent/residual  pole  gap  and  armature  0.4  na.  Pressure  in 
the  breaking  contact  30  g,  in  closing  50  g;  the  gaps 

| I 

between  the  contacts  1.4-1. 6 na. 


1 
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Pig.  16-4.  Relays  of  typs  K-201. 


Page  566. 

Moainal  voltage  of  winding  27.5  v,  the  required  power 
with  the  unheated  winding  3 H.  Power  of  the  function  of 
relay  1.3  v.  Greatest  permissible  continous  rating  3.4  w 
<»t  t * 50°C) . 

The  aaxiaun  current  through  the  contacts  0.25  a. 
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The  testing  voltage  of  contact  system  3200  V ef f . , 
windings  are  180  V.  The  electrical  insulation  resistance  of 
contacts  with  the  increased  humidity  is  not  less  than  100 
HQ.  Service  life  of  the  relay  1. 5«10«  of  cycles. 

Overall  dimensions  of  relay  22  x 52  x 63  an,  weight 
85  g. 
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Chapter  seventeen 


aercury  and  tuned-reeds  relay. 

J ' J 

17-1.  Vibrating-reeds  relay. 


The  short  duration  failures  (failures)  of  the  contacts 
of  e lectroaagnetic  relays  with  light  electrical  loads  usually 
appear  as  a result  of  deposition  on  the  working  contact 
surface  of  dust,  naps,  vapors  of  netals  (during  soldering 
and  welding),  and  also  under  the  effect  of  the  effect  of 
different  aggressive  gases,  organic  and  water  vapors,  which 
are  contained  in  the  surrounding  ataosphere. 

For  an  increase  in  the  reliability  of  equipaent  for 
the  autoaation,  working  under  heavy  operating  conditions  at 
elevated  tenperatures  and  the  large  relative  hunidity  of 
aabient  aediun,  are  applied  heraetically  sealed  and  filled 
by  inert  gas  the  electronagnetic  relays  whose  contacts  are 
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isolate/insulated  fro*  environment  and  are  shielded  froa  the 
incidence/iapingeaent  of  aoisture,  dust  and  dirt. 

However,  within  airtight  electroaagnetic  relay  also  can 
ke  foraed  the  organic  and  water  vapors,  isolated  during 
heating  by  insulation.  Purtheraore,  within  relay  appears  in 
the  course  of  tine  dust  as  a result  of  the  wear  of  the 
aovable  friction  parts  of  the  araature,  a*is,  pushers  and 
contacts. 


Under 

the 

action 

of  organic 

vapors. 

gases  and 

vapors 

of  aetals 

on 

contact 

surface  are 

foraed 

the  filas 

of  the 

polyaeric 

and 

other 

connections. 

which  have  very  high 

resistor/resistance.  These  filas  produce  a considerable 
guantity  of  short  duration  failures  (failures)  of  contacts 
with  the  coaautation  of  very  low  currents  (pA)  and  of 
saall  voltages  (aV). 


It 

is 

noticed 

that 

a great 

guantity  of 

short  duration 

failures 

(failures) 

with 

the  coaautation  of 

low  currents 

and 

voltages 

is 

observed 

in 

contacts 

froa  aetals 

and  alloys 

of 

platiaua  group.  The  application/use  of  gold  contacts  sharply 
decreases  a quantity  of  short  duration  failures  with  the 
coaautation  of  low  currents,  but  it  does  not  eliainate  then 
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coapletely 

as  a 

result 

of  the 

presence 

of 

organic  vapors. 

different 

gases. 

dust 

and  wear 

products 

of 

the  aobile 

friction 

parts 

of  the 

relay  (see  § 18- 

8). 

Page  568. 

Ia  1938  in  the  USA,  was  developed  the  magneto 
controlled  circuit  closing  contact,  consisting  of  two  flat 
springs,  hermetically  soldered  in  glass  tank/balloon.  This 

contact  is  soaetiaes  called  also  hereon  (reduction  in  the 

words  "airtight  contact")  or  uvular  switch. 

The  aagneto  controlled  contact  (in  abbreviated  fora  p) 
consists  of  glass  and  aetal,  it  does  not  contain  organic 

materials  and  aggressive  gases,  do  not  have  rubbing  parts 
and  it  is  filled  by  dry  inert  gas.  This  makes  it  possible 
to  degas  the  aagneto  controlled  contact  at  high  temperature 
(to  400°C)  and  to  burn  organic  filas  on  contact  surface. 

Vibrating- reed  relay  is  the  coil  (solenoid),  within 
which  it  is  arrange/located  one  or  several  aagneto 
controlled  contacts.  This  relay  is  characterized  by  high 
reliability,  saall  and  stable  in  the  value  contact 

resistance,  very  larger  service  life  (more  than  10* 

| 

« 

» 
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functions)  at  the  light  loads  of  contacts  (less  than  4 and 
15  H respectively),  by  snaller  triggering  tine  and 
release/temperings,  by  the  low  power  of  function  and  by 
sinpler  construction  in  conparison  with  airtight 
electromagnetic  relays. 

Reliability  of  vibrating-reeds  relay  by  of  one* two  order 
higher  reliability  airtight  electromagnetic  relays.  Failure 
rate  is  within  the  linits  approximately  from  5«10~*  to 
5«10~*°  failures  for  one  commutation*  and  airtight 
electromagnetic  relay  are  from  to  1»10~*  failures  for 

one  commutation. 

According  to  data  given  in  the  prospccti  of  many 

foreign  firms,  the  maximum  value  of  the  contact  resistance 
of  airtight  electromagnetic  relays  at  the  commutation  of 
very  low  currents  and  small  voltages  can  sometimes  reach  to 

300-1200  ohm. 

Because  of  the  absence  of  organic  films  the 
resistor/resistance  of  the  magneto  controlled  contacts 
considerably  more  stable;  it  is  within  the  linits 

approximately  from  0.03  to  0.1-0. 2 ohm,  in  the  process  of 
the  commutation  of  very  low  currents  and  voltages  of  up  to 


DOC  * 78012428 


PICK  & 7 I 

/ V 

5«10,-2*10*  functions,  the  aaxiaua  value  of  contact 
resistance  does  not  usually  exceed  2-5  ohn. 

Triggering  tine  and  release/teaper ing  of  vibrating-reeds 
relay  (0. 5-2.0  as)  is  approxiaatel y three  tiaes  less  than 


elect roaag net ic 

ones  (2. 0-5.0 

as)  . 

Limit  of  age 

i (wear 

resistance)  with 

very  snail 

loads 

(2« 10*- 2«10* 

coaau  tations) 

by  one  to  two 

orders  r is 

aore 

the  aaxiaua 

service  of 

electroaagnetic  relays  (1»10*-5»10?  coaautatious) . 

The  syaaetrical  aagneto  controlled  contacts  with  circuit 
closing  contact  have  very  siaple  construction,  suitable  for 
anss  production  in  the  fully  autoaated  production. 

Page  569. 

Shortcoaings  of  vibrating-reeds  relay  they  are:  the  lov 
value  of  coaauted  current,  the  insufficient  overload  capacity 
of  contacts  (in  the  value  of  coaauted  current) , of  the 
fragaents  of  contacts  during  function  (by  duration  0. 3-1.0 
as) , the  saall  breakdown  voltage  aaong  contacts  (200-600 
V),  smaller  vibration  resistance  and  iapact  resistance,  the 
large  overall  dinensions,  the  presence  of  largely  only 
circuit  closing  contacts  (for  the  realization  of  the 
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breaking  and  stud  switches  they  are  utilized  supple nentary 
external  permanent  aagnets)  and  the  brittleness  of  glass 
tank/balloon. 

The  great  value  of  the  current#  switched  by  niniature 

and  nornal  vibrating- reeds  relay  (0.  t- 1.  ' ia  approxinately 

five  tines  lower  than  the  current,  switched  snperniniature 
and  niniature  electronagnetic  relays  (0. 5-5.‘0a) . 

The  power,  switched  by  niniature  and  nornal 

vibrating- reeds  relay  (4  and  15  H respectively),  is  4-7 

tines  less  than  the  power,  switched  by  electronagnetic 
relays  (15  and  100  W) . The  overall  dinensions  (space)  of 
vibrating- reeds  relay  are  2-10  tines  be  greater  the  overall 
dinensions  of  electronagnetic  relays.  However,  the  use  of 
the  nagneto  controlled  contacts  in  circuits  nakes  it 
possible  to  obtain  new  technical  solutions  during  a 
sinultaneous  decrease  in  the  overall  overall  dinensions  and 
weights  of  egnipnent. 

According  to  fulfilled  functions  the  nagneto  controlled 
contacts  it  is  possible  to  divide  not  three  basic  groups: 

with  circuit  closing  contact,  not  polarized  with  stud  switch 
and  polarized  with  stud  switch.  The  nagneto  controlled 
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contact  with  the  breaking  contact  is  foracd  froa  the 
aagneto  controlled  contact  with  the  circuit  closing  contact 
by  Mans  of  addition  to  the  latter  of  external  permanent 
■agnet. 

Vibrating- reeds  relay  with  stud  switch  can  be  also 
foraed  by  association  in  one  coil  of  two  aagneto  controlled 
contacts:  with  the  closing  and  breaking  contact. 

By  construction  the  aagneto  controlled  contacts  can  be 
divided  into  seven  performances : 

a)  syaaetrical  contacts  to  two  springs  (reeds)  of 
identical  length,  derived  to  opposite  sides  (Fig.  17-la,  b) ; 

b)  asyaaetric  contacts  with  two  springs  (reeds)  of  different 
length,  derived  to  one  side  (Fig.  17-1c,  d) ; 

c)  the  nonpolarized  asyaaetric  contacts  froa  two  short 

and  one  length  (aovable)  by  spring^  derived  to  opposite 

sides  (Fig.  17-1 e,  f)  ; 

d)  the  asyaaetric  polar  contacts  with  two  short  and 

one  long  spring,  derived  to  opposite  sides  (Fig.  17-1g); 
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e)  the  asymmetric  auto/ self- polar izing  contacts  froa  two 
long  and  one  short  spring,  derived  to  opposite  sides  (Fig. 

17-1  hj  . 

Page  57  0. 

Depending  on  overall  dimensions,  the  aagneto  controlled 
contacts  are  divided  into  four  typical  diaensions:  normal 
(standard)  , average  sizes,  miniature  and  subainiature . 

According  to  pressure  and  kind  of  the  filling  gas,  the 
magneto  controlled  contacts  are  divided  into  gas-filled  with 

the  ooraal  pressure  of  gas  (nitrogen  mith  the 
iapurity/adaixture  of  lOo/o  heliua  or  hydrogen),  gas-filled 
mith  the  elevated  pressure  of  gas  (hydrogen  by  the  pressure 

of  4-5  at)  for  the  coaautation  of  currents  2-3a  and  of 
voltages  to  400-500  v and  vacuua  for  the  coaautation  of 
currents  3-4a  and  of  voltages  to  5000  v. 

According  to  the  state  of  working  contact  surface,  the 

aagneto  controlled  contacts  are  divided  into  ^ with  dry 

contacts  and  p with  the  contacts,  aoistened  by  mercury. 

The  magneto  controlled  contacts  received  wide  acceptance 
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f r ob  1954  in  connection  by  the  rapid  development  of  the 

radio-electronic  and  coaputing  equipment.  required  of  a 
considerable  increase  in  the  reliability  cf  contacts, 
elongation  of  their  service  life  and  increase  in  the 

operating  speed. 

Vibrating-reeds  relay  are  applied  in  different 
radio-electronic  equipaent/devices,  systems  cf  control, 
equipment  for  coaaun ication/connect ion,  measuring  devices,  the 

systems  of  reception/procedure  and  processing,  computers,  the 
coaxial  switches,  which  move  rapidly  coordinate  connectors, 
also,  in  many  other  devices. 

The  most  widely  used  type  - the  symmetrical  magneto 
controlled  contact  with  circuit  closing  contact  (Fig.  17- la) 
consists  of  two  flattened  on  end/leads  wires  in  the  fora 
of  flat  springs  (reeds),  prepared  from  iron  fusion  with 
nickel  (52o/o)»  sealed  in  in  the  end-type  walls  of  the 
glass  tank/balloon  of  cylindrical  fora.  Springs  are 
arrange/located  coaxially  (in  parallel  planes)  and  their 
internal  end/leads  (contacts)  overlap  each  other  approximately 
by  0*9-1. 2 am. 


The  internal  end/leads  of  the  springs,  which  perform 


r 


( 
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the  role  of  contacts,  are  covered  with  gold  by  theraal 
diffusion,  by  rhodiua  or  silver  galvanically  (thickness  of 
the  layer  of  the  coating  approxiaately  with  6-10  p). 

The  outside  diaaeter  of  the  glass  tank/balloon  of  the 
aagneto  controlled  contact  of  noraal  (standard) 
size/diaensions  (Fig.  17-  la)  is  equal  approxiaatel y to  5.3 

■a,  its  length  about  52.4  an,  overall  length  together  with 
outputs  (conclusion/derivations)  - about  82  na. 

The  tentative  size/diaensions  of  the  internal  parts  of 
the  springs  (reeds)  of  the  aagnetc  controlled  contact  are 
equal  to:  0.5  x 2.8  x 18  an  (0.3  x 1.6  x 20  aa).  Air 
gap  between  contacts  oscillates  vithin  liaits  froa  0. 15  to 

0.3  aa.  Pressure  in  the  locked  contact  is  within  the 

liaits  froa  10  to  25  g. 

Tank/balloon  is  filled  by  dry  nitrogen  with  snail 
inpurity/a daixture  of  heliun  or  hydrogen  at  the  pressure, 

close  to  noraal  ataospheric. 

The  weight  of  the  noraal  aagneto  controlled  contact  is 


equal  to  2.0-2. 5 g 
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The  Miniature  Magneto  controlled  contact  (Fig.  17-1b) 
has  glass  tank/balloon  as  dianeter  of  approxiaately  3.2  no 
and  as  length  19-21  mm  (with  conclusion/derivations  of 
approxiaately  38  mb)  . The  tentative  size/diaensions  of 


springs 

are  equal 

to  0.22 

X 

1.3  x 

0.7 

an.  Air-gap 

clearance 

between 

contacts 

is 

within 

the 

linits  froa 

to  0.11 

an,  the 

overlap 

of 

springs 

is 

equal  to  0. 

Height  of  contact  of  approxiaately  0.3  g. 

Vibra ting-reed  relay  consists  of  the  coil 
(solenoid)  within  which  are  located  one  or  several  aagneto 
controlled  contacts. 
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Pig.  17-1.  Outlines  of  eagneto  controlled  contacts; 
syanetrical  with  circuit  closing  contacts,  derived  to 
opposite  sides:  a)  are  noraal;  b)  niniature;  asyanetric  with 
circuit  closing  contacts,  derived  to  one  side;  c)  average; 
d)  ainiature;  not  polarized  with  stud  switches:  e)  with 
return  spring;  f)  without  return  spring;  g)  polarized  with 
stud  switches;  h)  auto/self-polarizing  with  stud  switches. 


r 1 


| 
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Page  572. 

upon  the  connection/inclusion  of  the  winding  of  relay, 
the  contact  springs  (reeds)  are  aagnetized  in  the  field  of 

solenoid  and  their  end/leads  (pole)  are  attract/tightened  to 
each  other,  closing  the  circuit  of  contact  systea. 

Upon  the  connect  ion/inclusion  of  the  winding  of  relay, 
the  contact  springs  return  with  elastic  fcrces  to  initial 

position  (they  are  broken)  since  the  coercive  force  of 
Ni-Fe  alloy  is  very  saall,  and  aagnetic  relay  circuit  froa 

conclusions  is  extended. 

The  aagneto  controlled  contact  can  be  led  also  into 
actioa  by  approach/approxiaation  to  it  and  the  distances  of 
the  peraanent  aagnet,  which  is  utilized  for  the  creation  of 
aechanical  switches  and  selectors  without  slipping  contacts, 
working  at  a high  speed  (to  5000  r/ain) , and  also  aany 
other  switchboard/switchgear/switching  devices. 
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If 

we  in  parallel 

to  the 

■agneto 

controlled 

contact 

with 

circuit  closing 

contact  fasten 

the 

permanent 

■ agnet  (as 

this 

is 

shown  by  dotted 

line 

in 

Fig. 

17-la) , then  contacts 

will 

be 

closed,  and 

we 

will 

have 

t he 

polarized 

switch  with 

the 

breaking  contact. 

For 

interrup  ting 

of 

these 

contacts. 

it  is  necessary 

■agneto 

controlled  contact  together 

with 

■agnet  to 

place 

into  coil 

(solenoid)  and 

tax 

into  winding 

countercurren  t. 

suff  icient 

in  value  for 

the 

deaagnet ization 

of  the  reeds. 

polarized 

by  aagnet.  It 

is 

necessary  to  consider  that  the 

value  of 

countercurrent 

■ ust 

not  reach  the 

dual  spill 

current  of  the  breaking  contact  to  avoid  magnetic  reversal 
and  repeated  closure  of  this  contact. 


If  value  H.  N.  F.  of  eagnet  is  insufficient  for  closing 
of  contacts,  but  it  is  sufficient  for  their  retention  after 
the  connection/inclusion  of  the  current  of  forward  direction, 
then  relay  works  as  remote-control  switch  froe  nagnetic 
blocking  of  ariature.  During  the  supplying  into  the  winding 
of  the  current  pulse  of  one  direction,  the  contacts  are 
closed,  while  upon  the  connect ion/i Delusion  of  the  current 
pulse  of  opposite  direction,  contacts  are  broken. 
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Placing  into  one  coil  two  those  who  are  nagneto 
controlled  contacts:  one  with  closing*  and  another  with  the 
breaking  contact  (polarized  by  peraanent  nagnet)  , we  obtain 
polar  relay  with  stud  switch. 

For  a decrease  in  the  interferences  (focusing/inductions) 
in  the  circuit  of  contacts  with  the  coaautation  of  currents 
and  stresses  of  snail  levels  are  utilized  the  nagneto 
controlled  contacts  whose  springs  are  derived  to  one  side 
(Fig.  17-1*  c,  d). 

The  nonpolarized  nagneto  controlled  cootact  with  stud 
switch  (Fig.  17-1,  e,  f)  consists  of  glass  tank/balloon 
into  one  of  end/leads  of  which  sealed  in  two  short  fixed 
contacts,  and  in  another  one  novable  spring  (reed)  of  iron 
fusion  with  nickel. 

Page  57  3. 


If  coil 

current  is 

absent. 

then 

the 

free 

end/lead  of 

the  novable 

spring  by  elastic 

force 

is 

pressed 

to  fixed 

contact  fron 

nonnagnetic 

alloy; 

upon 

the 

connection/ inclusion 

of  winding. 

novable  reed 

blows 

aw  ay 

fron 

the 

nonna  gnet ic 

and  is  attract/tightened  and  to  notioniess  fecronagnetic 


I 
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(nonally  disconnected)  contact.  In  the  polarized  aagneto 


controlled  contact  (Fig-  17-1,  both  fixed  contacts  are 

manufactured  froa  ferromagnetic  alloy  and  are  polarized  by 
external  peraanent  magnet-  The  polarized  magneto  controlled 
contact  is  characterized  by  high  sensitivity  and  smaller 
shaking  of  contacts. 


Figures  17-1^  * gives  the  outline  of  the 

auto/self- polarizi ng  aagneto  controlled  contact  with  stud 


sw  itch  0*  0?-17> 


In  the  absence  of  coil  current,  average  spring  is 
pressed  against  by  upper  elastic  force.  After  the 
connection/inclusion  of  the  Minding  through  both  these 
springs  pass  magnetic  flux,  they  obtain  identical  polarity 
and  the  end/lead  (pole)  of  average  movable  spring  is 
repulsed  from  the  upper  and  is  attract/tightened  to  lower. 
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Pig.  17-2.  Outlines  of  vibrating-reede  relay;  normal:  a 
with  one  circuit  closing  contact;  b)  the  saBe  with  octal 
base;  c)  with  two  circuit  closing  contacts;  d)  - with  one 
circuit  closing  contact  without  jacket;  J£)  with  two  circuit 
closing  contacts  for  printed  wiring;  niniature:  f,  - 4 

by  one  circuit  closing  contact;  f)  with  two  closing  and 
two  breaking  contact  for  printed  wiring* 


Page  574. 
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The  aagnetic  flux,  passing  through  the  average  spring,  does 
not  virtually  change  into  the  process  of  switching,  since 
this  spring  has  saaller  section  and  is  saturated.  Therefore 

the  attracting  force,  which  operates  on  average  spring,  as 
a result  of  its  simultaneous  repulsion  froa  upper  spring  is 
■ore  than  the  usual  aagneto  controlled  contact  with  two 
springs. 

Vibrating- reeds  relay  outside  are  usually  shielded  by 
the  jackets  (jackets)  of  cylindrical,  oval  or  rectangular 
fora.  For  a decrease  in  the  effect  of  external  Magnetic 
fields,  these  jackets  are  aanufactured  froa  gland.  The 
tank/balloons  aagneto  controlled  contacts,  which  coaautate 
high-freguency  circuits  and  the  currents  of  snail  levels, 
are  protected  by  electrostatic  shields  for  a decrease  in 
the  interference  level  in  the  circuit  of  contacts. 

Vibrating-reeds  relay  cannot  be  used  for  the  conautation 
of  very  snail  voltages  (several  microvolt),  since  in  the 
reeds,  which  vary  in  magnetic  during  function  with  frequency 
of  approxiaately  500  Hz,  is  induced  the  aixing  stress. 

After  the  closing/shorting  of  reeds,  they  continue  to 
oscillate  during  several  Billiseconds  with  high  frequency  (on 
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the  order  of  30  kHz  of  the  Miniature  relay).  Moreover 
noise  voltage  through  1 ns  after  closing  of  contacts 
decreases  approximately  to  250  pV#  and  through  2 as  - to 
40  pY. 

The  oscillations  of  the  annealed  reeds  attenuate  faster 
as  a result  of  high  internal  losses,  but  the  strongly 
annealed  reeds  can  give  renanent/resid ual  deformations  during 
vibrations  on  resonance  frequency  and  inpacts. 


Figures  17-2  shows  the  outlines  of  vibrating-reeds  relay 
of  the  different  types:  with  one  (Fig.  17-2,  a,  b,  d,  £, 
^ even  tw0  circuit  closing  contacts  (Fig.  7-2,  c, 
p) . The  overall  dinensions  of  vibrating-reeds  relay  depend 
on  the  nuaber  of  switches  and  dianeter  of  coil. 


Noraal  relay. 


Noraal  vibrating-reeds  relay  with  one  aagneto  controlled 
contact  have  dianeter  approxiaately  froa  12  to  21  an  and 
length  froa  48  to  83  an  without  conclusions.  The  space  of 
these  relays  (without  conclusions) 


is  within  the  limits  from 
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5 to  19  c®*  and  weight  froa  16  to  40  d. 

Vibrating- ree ds  relay  with  circuit  closing  contact  can 


be  operated  at  aabient 

teaperatures  froa 

-60  to 

♦ 8 5 

a nd 

♦125®C,  with  vibrations 

with 

acceleration 

10-20  g 

i n 

t he 

range  of  frequencies  froa  10 

to  450-750 

(1000) 

Hz 

and 

iapacts  with  acceleration  20-50  g.  (Vibration  resistance  of 
the  aagneto  controlled  contacts,  given  in  Fig.  by  17-1,  c, 
p in  the  range  of  frequencies  froa  10  to  1000  Hz  are 
equal  to  3 g) . 


The  resonance  frequency  of  the  springs  (reeds)  of  the 
noraal  aagneto  controlled  contacts  of  different  types 
oscillates  within  liaits  froa  450  to  1000  Hz. 

Page  575. 


The  aapere-turns  of  the  function  of  the  different  types 

of  vibrating-reed s relay  with  one  ty  circuit  closing  contact 

//# 

is  within  liaits  froa  50  to  Wo-  (130)  aapere-turns  (on  the 
average  85  ±.  10  aapere-turns  ),  the  aapere-turns  of 

re  lease/ te apering  oscillate  froa  20  to  60  aapere-turns 
(average  value  30  ♦,  5 aapere-turns). 
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The  aapere-turns  of  failure  are  accepted  as  usually 
equal  not  aore  than  8O0/0  aapere-turns  of  actuation  the 
aapere-turns  of  retention  are  not  less  than  55o/o 
aapere-turns  of  function. 

The  resetting  ratio  of  vibrat ing-reeds  relay  is  within 
the  liaits  froa  0.25  to  0.5  (0.7). 

The  power  of  the  function  of  vibrating-reeds  relay  with 


one 

circuit  closing  contact  depends 

on 

the  size/diaensions 

of 

coil 

(winding)  and 

oscillates  within 

liaits  froa 

0. 05  to 

0.,  20 

H. 

The  windings 

of  relay  are 

prepared  to  the 

noainal 

stresses: 

6,  12,  24 

(26.5)  , 48  and 

60 

(120)  c.  Greatest 

power  capacity  in  the 

winding  1.0-2. 

0 w 

«» 

The 

noainal  constant  value  current. 

switched  by 

the 

contacts 

of  vibrating- 

reeds  relay  of 

different  types. 

is 

equal  to  1.0A,  the  great  operating  stress  of  contacts 
115-250  7. 

The  power,  switched  by  the  contacts  of  vibrating-reeds 
relay,  with  resistive  load  does  not  usually  exceed  15  M. 
With  the  coaautation  of  the  currents,  which  give  rise  to 
erosion,  working  contact  surface  is  abraded  and  is 
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sputtered.  The  products  of  abrasion  and 

atoeization/pulver ization  settle  on  working  contact  surfaces 
in  the  fora  of  snail  movable  ferroaagnetic  particles.  These 

particles  freely  are  moved  on  working  contact  surface  and 

with  accuaulation  periodically  short  circuit  contacts  in  the 
process  of  commutation,  causing  the  chance  failures  (single 
noninterruptings  of  contacts). 

Erosion  of  contacts  has  the  formulas  of  needles  and 
outgrowths  which  gradually  increase  in  height/altitude  and 

they  lead  in  the  course  of  tiae  to  the  stable  shorting 
(closing/shorting)  of  contacts.  With  the  excess  of  the 
noainal  (greatest)  value  of  comauted  current  two  or  three 
times,  the  contacts  are  welded  on  after  the  small  number 
of  commutations.. 

The  service  life  of  the  contacts  of  normal 

vibrating- reeds  relay  to  the  first  short  duration  failure 
with  the  commutation  of  very  low  currents  comprises  fron 
1*10*  before  2*10*  functions  and  with  the  commutation  of 
nominal  load  15  W - from  6*10*  before  2«10T  functions. 
Tentative  the  curves  of  the  dependences  of  the  service  life 
of  vibrat ing-reeds  relay  on  the  axcunt  of  commutated  power 
are  constructed  by  author  in  Pig.  17-3.  The  service  life 


r 


1 u^r' 


DOC  » 78012429 


PAGE  JdT'  - 


noraal  vibrating- reeds  relay  varies  within  the  liaits, 
liaited  by  curves  1 and  2. 

For  a coaparison  Fig.  17-3  gives  the  curves  of  the 
■ost  probable  service  life  of  a ainiature  electroaagnetic 
relay  of  the  type  RES9  (curved  S)  and  the  ainiaua  service 
life  of  a subainiature  relay  of  the  type  RES10  (curved  6). 
Froa  these  curves  it  follows  that  the  service  life  nornal 
vibrating- reeds  relay  is  aore  than  electroaagnetic  with 
coaautation  light  loads  (less  than  10-20  H)  • 

Page  576. 


The  resistor/resistance  of  the  aagnetc  controlled 
contacts  oscillates  within  liaits  froa  0.03  to  0.1  (0.2) 

oha;  with  the  wear  of  contacts,  their  great 
resistor/resistance  can  increase  to  0. 5-2.0  oha.  The  tiae 
delay  with  noainal  stress  on  winding  is  egual  to  1-2  as, 
including  duration  fragaent  0.3-1. 0 as.  Releasing  tine  is 
less  than  0. 5 as. 

Figures  17-4  gives  the  curves  of  the  dependences  of 


i 

\ 


triggering  tiae  and  release/teapering  of  vibrating-reed  relay 
cn  the  aaount  of  power  input. 


DOC  * 78012429 


PAGE 


vibrating- reeds  relay  with  circuit  closing  contacts  on  anount 
of  switched  power:  1#  2 - noraal  vibrating-reeds  relay  (/„« i <.); 

3#  4 - ainiature  relays  (/„ « o,us «);  5 - electroaag  netic 

relays  of  type  BES9  (aost  probable  value) ; 6 - 

electroaag netic  relays  of  type  BES10  (ainiaua  value). 


Key:  (1).  cycles.  (2).  H. 


Page  577, 
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The 
contacts 
HQ,  but 
is  aore 


insulation  resistance  of  the  aagneto  controlled 
under  noraal  conditions  is  equal  froa  500  to  10* 
at  relative  huaidity  98o/o  and  teaperature  «-20°C 
than  100  noa. 


The  testing  voltage  of  insulation  of  the  aagneto 
controlled  contacts  is  found  usually  within  liaits  froa  350 
to  600  (1000)  V eff.  The  level  of  eaf  of 

focusing/inductions  and  noises,  introduced  into  the  switched 
circuit,  is  approximately  300  pV.  For  a decrease  in  the 
contact  resistance  to  the  high-frequency  currents  (froa  10 
to  HHz)  of  spring  (reeds)  and  the  conclusions  of  the 
high-frequency  aagneto  controlled  contacts  are  copper-plated. 
The  internal  end/leads  of  the  springs  (Contacts)  are  covered 
with  gold.  The  aagneto  controlled  contacts  are  utilized  in 
the  high  speed  coaxial  switches  for  the  coanutation  of  the 
circuits  of  high-frequency  telephone  equipaent. 

The  aagneto  controlled  contact  can  be  also  sealed  in 
inside  coaxial  cable.  In  this  case  the  field  coil  has 
larger  diaaeter  and  is  put  on  to  cable  outside  above  the 
cont act. 
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of  vibrating-reeds  relay;  noraal  relays:  1 - triggering  tiae 
without  taking  into  account  the  shaking  of  contacts;  2 
the  sane  taking  into  account  shaking  of  contacts;  3 - 

releasing  tiae;  ainiature  Rayleigh  4 - triggering  tiae; 

releasing  tiae. 


5 - 


K«y:  (1). 


as. 


1 2).  i. 


page  578. 


Vacuua  wibca ting-reeds  relay  are  utilized  for  the 
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conautation 

of 

currents 

to  3 

A and 

stresses 

to  1500 

and 

5000  V of 

the 

direct 

current 

with 

coaautated 

power. 

equal 

to  25-50  H.  The  aapere-turns  of  function  are  within  the 
linits  fron  60  to  100  anpere- turns*  Triggering  tine  is 
egual  to  2-3  ns  (including  duration  the  fragnent  of 

contacts) . 


The  testing  voltages  of  the  contacts  of  these  relays 
are  respectively  equal  tc  2000  and  10000  I/,  Contact 

resistance  is  equal  fron  0.025  to  0^08  oha. 

Capacitance/ capacity  between  the  contacts  0.8  pP. 

The  nagneto  controlled  contacts  with  the  contacts, 

noistened  by  aercury,  can  coaauted  currents  to  3*  and 
stresses  of  up  to  400^  direct  current  at  the  switched 
power  to  50  H.  The  service  life  of  contacts  with  resistive 
load  50  H is  equal  to  1»10»-1*10*  functions.  However,  these 

contacts  cannot  be  operated  at  the  teaperatures  below 

-38.9°C  and  under  conditions  of  vibration. 

Hiniature  relay. 
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Miniature  vibrating-reeds  relay  (Pig.  17-2, 

Mitb  one  circuit  closing  contact  have  a diaaeter 
approxiaately  froa  9 to  19  aa  and  length  Cron  24  to  35 
aa  (without  conclusions).  The  space  of  these  relays  is 
within  the  linits  froa  1.8  to  9 ca9  and  weight  froa  5 to 
20g.  The  specific  gravity/weight  of  vibrating-reeds  relay 
oscillates  approxiaately  froa  2.8  to  2-0  g/ca9  instead  of 
2.8-4.1(5. 3)  g/ca 9 of  electroaagnet  ic  relay. 

Miniature  relays  can  be  operated  at  ambient  temperature 
from  -60  to  +85,  +125°C,  vibrations  with  acceleration  from 
15  to  35  g in  the  range  of  the  frequencies  from  10  to  2000  Hz 
and  with  impacts  with  acceleration  of  30-75  g.  The  resonance 
frequency  cf  the  reeds  it  is  within  the  llmites  from  2500  to 
3500  Hz. 

Miniature  vibrating-reeds  relay  have  aapere-turns  of 
function  froa  20  to  50  aapere-turns  and  the  aapere-turns  of 
rslease/teapering  froa  8 to  30  aapere-turns.  Besetting  ratio 
oscillates  froa  0.2  to  0. 6 ( 0. 9) . The  power  of  the  function 


of 

relay 

with  one  circuit  closi 

ng 

contact  is 

froa 

0.02  to 

0*  15 

R. 

The  windings  of  relay 

are 

aanufactured 

to 

the 

noainal 

stresses:  6.12,  26,  48 

and 

12Sj£  The 

greatest  power 

capacity  in  the  winding  of  relay  is  equal  to  0.5- 1.0  W 
Ncainal  constant  value  current,  switched  by  contacts 
ainiature  relays,  0.1-0.125  (0.  25)1,  the  great  operating 
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stress  of  contacts  115-250^  The  power*  switched  by  the 
contacts  of  relay  with  resistive  load*  does  not  exceed  3-4 
4 or  10-12  volt-asperes. 


The  service  life  ainiature  vi  brat  ing-reeds  relay  varies 
within  the  liaits*  lieited  by  curves  3 and  4 in  Fig. 

17-3.  Fron  these  curves  it  follows  that  with  the 

coneutation  of  noainal  load  4 « the  service  life  is  within 

the  linits  fron  2*10*  to  5«10*  functions*  and  with  the 
cosnutation  of  very  low  currents  - fron  2*10*  to  1*10* 

functions.  The  service  life  ainiature  v ibrat ing-reeds  relay 
is  aore  than  electroaagnetic  with  coaautation  light  loads 
(less  than  2-5  H). 


Contact  resistance  - fron  0.05  to  0.2  oha;  in  the 
process  of  wear  their  great  resistor/resistance  can  increase 
to  2 oha. 


Page  579. 


Tine  delay  with  noainal  stress  on  winding  of 
approiiaatel y 0.5-1  as*  including  duration  fragaent  0. J as* 
releasing  tine  less  than  0.1  as.  The  frequency  of 


switchinys  of  ainiature  relays  is  aore  than  400  Hz.  The 


» 


I 
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capacitance/capacit f be  tween  extended  contacts  in  the  absence 
cf  screen  as  equal  to  C.2-0.5  pF.  Insulation  resistance  is 
froa  10'  to  10*  NO.  The  testing  voltage  of  insulation  is 
•gual  froa  200  to  500  V eff. 


Switching 

systea  of 

the 

type 

"f  er  r ide". 

High 

speed  changing 

over 

device 

of  the 

type  "ferride" 

(Fig.  17- 

5)  consists 

of 

one 

either 

several 

aagneto 

controlled 

contacts. 

one 

or 

several 

alter  nat ing/varia  ble 

aagnets  irods  froa  the  cobalt  or  cobalt-zinc  ferrite,  which 

■i 

has  coercive  force  of  approxiaately  30  e.  and  very  high 
resistivity)  and  aagnetizing  coil  Ufe.  ^17-IOj. 

For  the  function  of  the  contacts  of  "ferride"  it  is 
sufficient  so  that  the  duration  of  operating  pulses  in 
winding  would  be  not  less  than  10  ps  (tiae,  necessary  for 
the  aagnetic  reversal  of  aagnet  froa  ferrite) . The  aagneto 
controlled  contacts  of  "ferride**  will  actuate/operate 
considerably  later  (approxiaately  through  0.;5-0.8  as  after 
cycling  into  winding  and  the  aagnetic  reversal  of  ferrite) 
and  will  reaain  in  the  pullled  position. 

I 


. 

{ 


f 
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For  the  return  of  the  contacts  of  "ferride"  to  initial 
position  it  is  necessary  to  feed  to  ulnding  the  current 
pulse  of  opposite  direction  with  saaller  anplitude  by  the 
duration  of  sore  than  10  *<s. 

"/brride"  has  saall  overall  diaensions  and  high  speed 


cf  response,  it  can  in 


nuaber  of  cases  replace  the 


seaiconductor  changing  over  devices  and  equipaent/devices. 


* i ■ 

' i 


( 

i 


Fig*  17-5.  Roving  rapidly  switching  systeas  of  typa 
•ferride":  a)  elementary  circuit  of  "ferride";  b)  parallel 

"ferride";  c)  consecutive  "ferride". 


Key:  (1).  Ferrite.  (2).  Triggering.  (3).  Release. 

Page  560. 

Proa  all  that  has  been  previously  stated,  it  follows 
that  vibr ating-reeds  relay  are  very  promising,  are 
characterized  by  high  reliability,  small  and  stable  in  the 
Value  contact  resistance,  very  larger  service  life  at  the 
light  loads  of  contacts,  smaller  triggering  time  and 

I 


l 
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release/te mperings  and  simpler  construction,  than 
electronag netic  relays.  However,  the  power,  switched  by 
vibrating- reeds  relay,  is  less,  their  overall  dimensions  are 
be  greater  and  vibration  resistance  is  less  than  in 
electromagnetic  relay.  Therefore  gas-filled  vibrating-reeds 
relay  in  many  instances  cannot  replace  ainiature/sma 11  and 
miniature  airtight  electromagnetic  relays. 

17-2.  Relays  with  mercury  contacts. 

For  a reliable  commutation  with  the  increased  velocity 
of  comparatively  large  power  of  direct  current  without  the 
vibrations  (fragment)  of  contacts,  with  very  large  service 
life  (it  is  more  than  billion  functions),  are  applied 
gas-filled  relays  with  the  platinum  contacts  whose  surface 
is  constantly  wet  by  mercury. 


Fig.  17-6  shows 

in 

cut/section 

the 

outline  of  relay 

with  mercury  contacts 

of 

series  HG 

of 

firm  "Ts.  P.  Klea 

and  of  Ko"  (USA),  mounted  in  the  housing  of  metallic 
electron  tube  with  the  octal  base  ffc.  £*17-2^J.  Relay  consists 


1 


of  coil  (solenoid),  within  which  is  arrange/located  glass 
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tank/balloon 

with 

the  stud 

switch,  in 

lower  part  of 

w hich 

a filled 

small  quantity  of 

mercury. 

In 

the 

lowe  r 

part  of 

the  glass 

tank/balloon,  is 

sealed 

in  the 

stem 

from 

ni-span 

alloys  to 

which  is  welded 

the 

lower  pole  piece  and  the  foundation  with  flat  spring  and 
armature  from  Permalloy,  submerged  partially  into  mercury. 


Along  armature  are  welded  two  parallel  platinum  wires 
whose  the  upper  part  of  outside  armature  is  locked  in  the 
form  of  the  letter  of  "t"  and  is  the  slide  contact  of 
relay. 

(lercury  rises  to  contacts  on  the  capillary,  formed 
between  these  two  parallel  platinum  wires. 
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coil;  2 
lower  pole 
a r Mature;  8 
strip  with 
octal  base; 


Relays  with  Mercury  contacts  of  series  HG.  1 
glass  tank/balloon;  3 - sercury;  4 - stem;  5 
piece;  6 - araature;  7 - slide  contact  of 
■otionless  breaking  contacts  (short) ; 9 

Motionless  circuit  closing  contacts  (long) ; 10 

11  - housing  (jacket). 


Page  581. 


Mercury  rises  to  contacts  on  the  capillary,  forned 


mm 


IJIJ.  .Mfpni  „ J I I U w— 
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between  these  two  parallel  platinue  wires. 

In  upper  part  of  the  glass  tank/balloon,  it  is  sealed 
in  four  iron-nickel  rods  to  end/leads  of  which,  turned  to 
araature,  are  welded  four  aotionless  platinua  contacts. 

In  the  absence  of  coil  current,  flat  spring  of 
ar nature  presses  the  horizontal  part  of  the  aovable  T-shaped 
contact  to  two  fixed  contacts,  arrange/located  on  two  short 

rods  (to  the  left).  The  patterns  of  the  joints  of  relay 

are  given  in  Fig.  17-7. 

Upon  the  connection/inclusion  of  the  winding  of  relay, 

the  free  end/lead  of  the  arnature  is  attract/tightened  to 
the  end/leads  of  two  long  rods  (poles)  froa  ni-span  alloys, 

arrange/located  to  the  right  to  which  soaewhat  above  are 
welded  two  aotionless  (noraally  extended)  of  contact. 

During  the  function  of  relay,  the  horizontal  part  of 
slide  contact  blows  away  froa  the  right  pair  of  contacts 
and  closes  by  itself  the  left  pair  of  fixed  contacts. 

The  thin  layer  of  aercury,  which  wets  platinua 

contacts,  excludes  the  possibility  of  the  short-tera 


DOC  « 78012424 


PICt  Z1JJ- 


DOC  « 78012429 


PAGE  IfiT  / 

/3*/ 


disruption  of  contacts  with  the  rebound  of  arsature  after 
the  ispact  against  the  pole  piece  and  shields  contact 
surface  fros  erosion*  near*  contamination,  sticking  and 
welding. 


During  interrupting  of  the  contacts  between  then*  is 
extracted  the  bridge  fros  sercury  which  is  disruptted  at  a 
very  high  speed,  at  two  points  free/releasing  the  droplet 
of  sercury. 
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Pig-  17-7.  Diagrams  of  conclusions  of  relay  with  aercury 
contacts:  a)  series  HG,  b)  series  HGS. 


Page  582. 


High  rate  of  the  disruption  of  bridge  fron  aercury 
between  contacts  (acceleration  about  ISOOg)  excludes  the 

possibility  of  the  occurrence  of  vibration  and  foraation  of 

the  arc  betaeen  contacts  and  provides  the  very  large 

service  life  of  relay  at  the  conpar atively  large  switched 
power.  The  relay  of  series  HG  can  switch  direct  current  to 

5^0  and  stress  of  up  to  500^  at  breaking  capacity  to  25y 
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the  service  life  of  relay  with  the  load  of  contacts 
in  250  H is  tore  than  10*  functions  (confutations)  . 

The  glass  tank/ballocn  of  relay  is  filled  by  hydrogen 
under  the  pressure  of  15-17  at,  which  considerably  increases 
the  voltage  of  breakdown  and  elininates  the  oxidation  of 
aercury. 

Relay  nainta in/w it hstands  ceiling  voltages  between 
contacts  of  up  to  8500  V. 

the  contacts  of  relay  nust  be  shielded  fron 
overvoltages  by  the  spark-extinguishing  duct  RC  whose 
parameters  can  be  determined  fron  the  following  formulas: 

( i ) ft ) r 

C =*  0, 1 • /*  a = t/l. 

Key:  (1).  pF.  (2).  and. 

where  I is  a current  in  a,  0 - the  stress  in  \/  and  k 
= 1 ♦ 5 0/Un 

"^"he  minimum  values  C 3 0.001  pF  and  R = 0.5  ohm. 


pressure  in  the  breaking  contact  of  approximately  1 g- 
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Contact  resistance  froa  0.025  to  0.06  oha.  In  the  process 
of  the  operation  of  relay,  the  contact  resistance  changes 
not  aore  than  on  1-2  aQ. 


Duration  of  the  closing/shorting  of  aercury  contacts  in 
the  ataosphere  of  hydrogen  at  the  pressure  of  15-17  at  of 
order  10”*°  s (0.5-0. 8 ns)  instead  of  1-10  ns  of  the 
aetallic  contacts,  not  aoistened  by  aercury.  Interrupting 
tiae  (cutoff)  of  the  circuit  of  the  aercury  contacts  of 
order  10”°  s.  Inductance  of  the  winding  of  relay  L - 
1„2«10~*«v*.  Tiae  delay  froa  3 to  5.2  as  with  noainal 
stress  on  winding  of  approxiaately  3 as;  releasing  tiae  3.2 
X 0.6  as.  The  tiae  of  closing  (shorting)  of  contacts  is 
less  than  1 as. 


Stability  of  triggering  tiae  of  the  separate  copy  of 
relay  of  approxiaately  0.1  as.  Preguency  of  switchings  to 
100  Hz.  Capacitance/capacity  between  the  contacts  3-8  p7. 


Relays  are  nanufactured  with  one  or  two  windings  to 
operating  stress  froa  1 of  up  to  2 00*.  winding  iapedance 
froa  2 to  25000  oha. 


The  aapere-turns  of  the  function  of  relay  of  the  type 





HG  are  less  than  124;  the  aapere-turns  of  retention  are 
■ore  than  147  and  the  aapere~-turns  of  release/teape  ring  are 
not  less  than  84. 


The  poser  of  the  function  of  relay  is  not  sore  than 
0.25  W.  The  greatest  poser  capacity  in  sinding  at  anbient 
tesperature  of  ♦ 33°c  is  equal  to  2 W,  greatest  teaperature 
is  deterained  by  the  softening  teaperature  of  sealing 

* 

coapoond  of  sinding  107°C. 

i 

Relay  is  intended  for  operation  under  stationary 
conditions  at  the  teaperature  of  surrounding  air  not  below 
- 38. 9°C  (freezing  point  of  aercury). 

Page  583. 

The  noraal  operating  position  of  relay  the  vertical, 
standard  deviation  froa  vertical  line  is  not  aore  than  30°. 
Belay  aaintain/vithstands  vibration  test  in  the  range  of 
frequencies  froa  lo  to  500  Hz  during  acceleration  lOg  and 
iapact  strength  during  acceleration  30  g. 


Overall  diaensions  of  the  relay  of  series  HG:  diaaeter 
28.1  aa  length  67  (81.2)  aa.  Height  113g. 
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The  relays  of  types  HG  2 A,  HG  JA  and  HG  4A  ace 

characterized  by  the  high  diaaeters  of  the  coils  within 
which  are  arran ge/1 ocated  respectively  two,  three  or  of  four 

aercury  switches. 

Are  aanufactured  also  aercury  switches  in  the  fora  of 
parallelepiped,  intended  for  printed  wiring. 

Polarized  aercury  switch  of  series  HGP  is  characterized 

by  froa  the  relay  of  series  HG  the  presence  of  two 
peraanent  magnets,  arrange/located  at  upper  leading-out  rods 
(poles),  which  have  identical  length. 

Ampere-turns  and  the  power  of  the  function  of  relay 

with  one-sided  adjustment  respectively  70  anpere-turns  and  35 

■V,  with  two-position  adjustment  1 35.  1 (40.7)  ampere-turns 

and  *9  (12)  ait. 

Overall  dimensions  of  the  relay  of  series  HGP:  diameter 
28.1  aa  and  length  79  (93)  aa.  Height  is  not  aore  1 JOg. 

Polarized  mercury  switch  of  series  HGS  is  characterized 


1 


by  greater  sensitivity  and  ssaller  triggering  tiae,  than  the 
relay  of  series  HGP  £1-26#  17-9,  17-107. 


The  relay  of  series  HGS  (Fig.  17-8)  has  another 
construction  of  araature  and  poles  and  considerably  saaller 
length  of  tank/balloon.  The  araature  of  relay  is  flat 
spring  vith  tvo  contacts  on  end/lead.  In  the  upper  part  of 
the  tank/balloon#  are  sealed  in  tvo  rods  froa  ni-span 
alloys,  that  conclude  with  inside  flat/plane  pole  pieces 
with  the  velded-on  by  thea  contacts.  On  top  above  the  coil 
perpendicular  to  leading-out  rods  are  fastened  tvo  peraanent 
aagnets. 
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Fiq.  17-8.  Relays  with  aercury  contacts  of  series  HGs.  ^ 

coil;  2 - glass  tank/balloon;  J - aercury;  4 - stea;  5 
araature  with  fired  contact;  6 - pole  with  fired  contacts 
7 - peraanent  Basnets;  8 - octal  bas€;  9 _ aa9netic 

circuit;  10  - housing  (jacket). 


page  584. 

The  glass  tank/balloon  of  the  relay  of  series  HGS  an< 
HGSS  has  approii  aatel  y to  50o/o  saaller  length.  than  a 
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tank/balloon  of  relay  of  series  HG  and  HGP. 

The  relay  of  series  HGS  is  aanufactured  froa  unilateral 
or  two-position  regulation;  aepere-turns  and  the  power  of 
the  function  of  relay  with  respect  27.3  aepere-turns  and  to 
5 eW  or  ♦IS. 3 aepere-turns  and  ♦ 2 aU.  Power*  dispersed  by 

winding,  2 W. 

Tiee  delay  froa  1.1  to  1.8  as  (with  200  §Jf  — /c  ~ 1.4  ♦_ 

0.4  as),  releasing  tiae  1.4  ♦ 0.5  as.  The  tiae  of  the 

overlap  of  contacts  is  not  aore  than  0.5  as.  Frequency  of 
coaautations  to  200-350  Hz. 

The  load  of  contacts  to  2(^t  great  stress  500|/;  the 

switched  power  is  not  aore  than  100  W.  Service  life  is 
aore  than  10*  functions,  binding  iapedance  froa  2.8  to 
14000  oha.  The  relays  of  series  HGP  and  HGS  are 
aanufactured  also  with  the  contacts  of  fora  C 
(closing/shorting  after  interrupting  n.  z.  of  contacts), 
triggering  tiae  of  these  relays  is  soaewhat  aore  than  relay 

with  the  contacts  of  fora  D (closing/shorting  before 
interr  upting) . 

Overall  diaansions  of  the  relay  of  series  HGS:  diaaeter 


f 
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31.4  ■■  length  67  (84)  Everything  140g. 

The  relays  of  series  HGSS  arc  characterized  by  fron 

the  relay  of  series  HGS  the  snaller  length  of  coil  and 

the  respectively  larger  power  of  function  -12  and  ♦ 4 nH. 

Power,  scattered  by  winding,  1.5  4. 


Overall  diaensions  of  the  relay  of  series  HGSS: 
dianeter  31.4  nn  and  length  47.6  (62.8)  nn.  Height  is  not 

nore  85g. 

17-3.  Tuned-reeds  relay. 


One  of  the  sinplest  and  reliable  aethods  of  renote 
control  the  reaoved  objects  is  the  aethod  of  the  frequency 
separation  of  signals,  which  aakes  it  possible  to  transait 
along  one  channel  (wire)  the  large  nunber  of  coaaand/crews. 


For  the  prea ise/inpulse  of 
are  applied  the  frequencies  of 


frequency  signals, 
tonal  range. 


usually 


The  receiver  of  frequency  signals  consists  of  the 
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filtering  and  actuating  elements  which  can  be  aade  either 

separately  in  the  fora  of  filter  and  connected  at  its 

output  usual  relay  or  together  in  one  tuned-reed  relay. 

The  best  filtering  properties  with  the  saallest  overall 

dimensions  in  the  range  of  tone  frequencies  possess  the 
electromechanical  filtering  systems,  constructed  on  the 
application/use  of  the  rod  transverse-oscillating  vibrators. 

In  these  systems  the  electrical  energy  is  converted  into 

mechanical  vibrational  energy  of  the  rods,  inclined  for  one 
specific  frequency.  Mechanical  vibrational  energy  of  rods  in 
tuned-reeds  relay  is  utilized  directly  for  the 
closing/shorting  of  performing  contacts,  and  in  filters  again 
it  is  converted  into  electrical  energy. 

Receiver  circuits  of  frequency  signal  with 
electromechanical  filter  and  with  tuned-reed  relay  are  given 

in  Fig.  17-9. 

Page  585. 

Tuned-reeds  relay  are  intended  for  work  at  tha 

fixed/recorded  frequencies  usually  in  the  range  from  100  to 
1500  Hz,  since  relays  for  lower  frequencies  (from  15  to 


100  Hz)  have  coapar ative ly  large  overall  dimensions. 

The  schematic  diagraa  of  tuned-reed  relay  with  the 
single  transverse-oscillating  rod  vibrators  (reeds)  is  shown 
in  Pig.  17-10b. 

Tuned-reed  relay  consists  of  electroaagnet  with  core  of 
sheet  iron  or  Peraalloy  even  one  or  several  (3,  4,  6 or 

12)  side-by-side  rod  vibrators  (reeds)  of  different  length, 
attached  by  one  end/lead  on  the  framework  of  electroaagnet. 

On  vibrators  are  fastened  the  slide  contacts  of  relay, 
the  fixed  contacts  are  soldered  to  the  end/leads  of  the 
adjusting  screws  which  are  covered  into  rigid  contact 
holders  arrange/located  on  insulating  board. 

Por  a decrease  double  in  the  freguency  of  the  forcing 
oscillations,  attracting  force  of  vibrator  and  increase  in 
the  sensitivity  consecutively  into  aagnetic  relay  circuit  is 
placed  the  constant  polarizing  aagnet. 

The  aagnetic  flux  of  relay  is  closed  through  the 
vibrator  and  the  working  air  gap  between  vibrator  and  pole 
of  electroaagnet. 
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The  natural  vibration  frequency  of  vibrator 
frequency)  according  to  foraula  (12-3)  depends  on 
length*  thickness  and  the 


(re  sonance 
i ts 


aodulus  of  elasticity  of  naterial. 
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art 


electroaechanical  filter;  b 


frequency  signal;  a 
by  tuned-reed  relay. 


c by 


fig-  17-10.  Schematic  diagrams  of  tuned-reeds 


relay: 


a 


c 
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by  two  connected  vibrators;  b - c by  single  vibrator. 


Page  586. 


Vibrators  usually  are  manufactured  from  steel.  In 
certain  cases  for  providing  the  high  stability  of  resonance 
frequency,  the  vibrators  are  manufactured  from  the  Elinvar, 
which  is  characterized  by  the  constancy  of  the  modulus  of 
elasticity  during  a change  in  the  temperature  from  -50  to 
♦100°C. 


The  gap  between  the  contacts  of  relay  is  very  small 
(0.02  mm) ; therefore  the  load  of  contacts  must  not  exceed 
1 0-1 00  mA.  For  the  protection  of  contacts,  it  is  necessary 
to  apply  spark-e xtinguishing  duct  (RC) . 


The  contacts  of  tuned-reed  relay  during  function  jar 
with  resonance  frequency;  therefore  for  providing  the  stable 
contact  in  performing  circuit,  usually  is  applied  the 
repeating  relay  without  amplifier  or  with  transistor 
amplifier.  Power,  consumed  by  tuned-reeds  relay,  from  1 to 
20  (100)  mu.  The  actuation  voltage  is  from  0.5  to 


P 


I 


— — — — 
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The  bandwidth  of  tuned-reeds  relay  depending  on  their 
construction  for  a frequency  band  fros  250  to  500  Hz  is 
within  the  Units  fros  6 to  20  Hz  (fros  2 to  Bo/o). 


On  the  lower  Unit  of  the  frequency  band  of  channels, 
are  spread  on  20  Hz,  at  frequencies  higher  175  Hz  - on 
40  Hz. 


relay  with  single  vibrators  have  a selectivity 
characteristic,  which  considerably  differs  in  its  fora  fros 
the  rectangular;  therefore  the  bandwidth  of  the  function 
depends  on  signal  level. 


Relays  with  two  connected  vibrators,  developed  A.  Ya. 
Helnichuk  (Fig-  17-10a),  have  a selectivity  characteristic, 
close  to  rectangular  [1.  17-13]. 

The  selectivity  characteristic  of  this  relay  is  given 
in  Fig.  17-11. 

Such  relays  can  be  sanufactured  for  frequencies  fros 


150  to 

1000 

Hz. 

The  band 

of 

the  frequencies 

of  t he 

function 

in 

this 

case  can 

be 

regulated  within 

liaits  froa 

4 to  15  Hz  (fros  1 to  4o/o)  depending  cn  coupling 
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coefficient  between  vibrators.  The  sinisus  power  of 
is  approi isately  10  sVA. 

Triggering  tise  of  tuned-reeds  relay  50-100  as, 
releasing  tise  90-200  is. 


function 


while 
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Page  587.  chapter  Eighteen. 


ELECTRICAL  CONTACTS. 


18-1.  General  information- 

The  electrical  contacts,  used  in  electrical  apparatuses 
and  instruments,  are  distinguished  between  themselves  by  the 
operating  principle  and  construction  and  accordingly  can  be 
divided  to  three  basic  groups:  the  motionless,  disruptive 
and  sliding  contacts. 

The  greatest  group  they  are  the  sparking  contacts,  used 
in  the  electrical  relays,  the  contactors,  the  switches,  the 
switches  and  other  electrical  apparatuses.  In  the  locked, 
motionless  state  the  disruptive  and  sliding  contacts, 
obviously,  must  satisfy  the  requirements,  presented  to  fixed 
contacts. 


The  character  of  the 

wear 

of 

sparking 

contacts 

de  pends 

substantially 

on  the  value 

of 

the 

switched 

power. 

current 

and  stress. 

In  the  amount 

of 

the 

switched 

power. 

the 
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sparking  contacts!  are  divided  into  low-power  (vt«k*c urre nt) , 
aoderately  loaded  and  highly  stressed  (high-currant). 

To  electrical  sparking  contacts  «r«  presented  the 
(olloaing  fundaaantal  raguireaent a:  vary  low  and  constant  in 
value  contact  resistance*  snail  erosion  and  corrosion*  large 
wear  rasistanca*  a snail  tandancy  toward  needle  fornation 
and  sticking*  high  electro-  and  theraal  conductivity*  the 
high  nalting  point*  the  absence  ot  distortions  at  work 
(absence  of  the  jarring  of  contacts)*  large  reliability  and 
large  service  life. 

Page  588. 


18-2.  Contact  rasistanca. 


The  contacts  of  relay  usually  have  working  surface  in 
the  fora  of  heaisphere*  seaicy  Under  or  plan*.  In  the 
locked  state  the  contacts  are  pressed  against  each  other 
eith  certain  effort/force  which  it  is  called  contact 

effort/forca  or  contact  pressure.  Is  thoroughly  not  had  been 
polished  contact  surfaces*  as  a result  of  the  presence  of 
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inequalities  (lie roroughness)  the  reel  contact  of  the 
contacting  points  will  always  occur  only  at  one  either 


neveral 

points 

will 

always 

occur  only 

in 

one  or  several 

projecting  very 

low 

surfaces 

("points  " 

or 

area/sites ) . 

Current 

passes 

only 

through 

the  snail 

true  contact  surfaces 

in  which  is  created  Metallic  or  qua si-netallic  contact. 

Quasi~netallic  contact  is  realised  through  aonoaolecular 
surface  til  as  because  of  tunnel  effect  and  the  forsaticn  of 
the  which  penetrate  fils  Metallic  bridges  by  a diaeeter  of 
approiiaatel  y 0.3  p.  The  renaining  large  part  of  the 
contact  surface  is  usually  covered  with  the  badly/poorly 
conducting  or  insulating  filss  of  cxides,  nitrides,  carbides, 
sulfides  and  the  like  or  completely  does  not  cone  into 
contact  with  the  second  contact  surface.  Therefore  parallel 
flow  lines  in  the  netal  of  contacts  are  bent  and  brace 
thensolves  to  the  points  with  high  conductivity,  at  which 
the  current  density  can  reach  the  very  high  values  (10r 

VH*I  - 

The  contraction  of  flow  lines  to  contact  area/sites 
causes  supplenent  ar  y increase  in  the  contact  resistance, 
which  is  conventionally  designated 
cf  contraction 


as  the  resistor/resistance 
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The  resistor/resistance  of  the  contraction  of  contact  at 
one  contact  -point"  can  be  expressed  by  following  foraula 
£3  8- 17}: 

. "8» 

■here  p - a specific  strength  of  aaterials  of  contacts  in 

Q*cb,  a - a radius  of  the  area  of  contact  -point"  in  cm 

(or  an  equivalent  radius  of  several  contact  "points")  and 
- a radius  of  the  cylindrical  body  of  contact  in  ca. 


Usually  value  r,  is  considerably  greater  than  a; 
therefore  the  effect  of  the  second  ter*  in  brackets  can  be 
disregarded,  in  this  case  m 

(18-la) 

If  both  contacts  of  one  contact  pair  are  nade  fron 
different  aaterials,  then 

<ia-w) 

»t  neutral  contact  pressures  7,,  (about  10/)  at  contact 
"points"  occurs  the  warping  of  aaterial,  and  therefore 
specific  pressure  can  be  considered  the  approxiaatel y egual 
to  the  hardness  of  aaterial  H: 
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£■  - "■  «*»«*  « - Vs, 

Key:  (1).  whence. 

Page  589. 

According  to  this  foraula,  at  a pressure  in  J5|  for 
the  silver  contacts  a * 8.5  p; 

substituting  in  equation  (18-la)  instead  of  a its 
value,  we  obtain: 

/fK  = 0,886p  j/^.  (18-2) 

If  pressure  in  contacts  fk  is  eipressed  in  grass,  h 
in  kg/ca*  and  p - in  Q«ca,  then 

- 280p  yr  Hf  . (18-2a) 

At  low  contact  pressures  (about  1 g)  at  contact 
"points'*  occurs  the  elastic  deforaation.  In  this  case, 
according  to  hert*  foraula,  a radius  of  the  area  of 
contact  "point" 


« = 0,86V^t 
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where  r is  a radius  of  the  sphere  of  contact  and 

E the  aodulus  of  elasticity  cf  aatecial. 

Substituting  in  equation  (18-la),  we  obtain: 

hr—  (183) 

‘•72V  -ir  * 

Under  actual  conditions  the  contact  resistance  consists 
of  the  sua  of  the  resistor/resistances  of  contraction  and 
fila: 

+ ^b- 


At  the  sufficiently  large  contact  pressures  of  fila. 


they 

are  disrupt  ted  as 

a result 

of 

the 

plastic 

le  f oraation 

of 

aaterial  at  contact 

"points" 

and 

- 

is  deterained  in  by 

basic  value  Be.  On  the 

contrary. 

at 

low 

contact 

pr  essures 

the 

reaistor/resi stance 

of  fila 

plays 

the 

significant  role. 

On  the  working  any 

contact 

surface 

in  air. 

usually 

very  rapidly  are  foraed  the  surface  filas  of  cheaical 
coapounds  - oxides,  sulfides,  chlorides,  carbides,  hydrides 
and  of  so  forth,  that  increase  the  total  resistance  of 
contacts.  These  filas  are  invisible,  it  have 
A (0.0  | &}•  Surface  filas 


than  100 


can  be 


thickness  less 
organic  and 
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inorganic 

origin*  they  can  be 

the 

products 

of  polymerization 

or  decay. 

Furthermore*  contact 

surfaces  can 

be  covered  mith 

coatings 

or  dust  of  different 

composition* 

with  nonconducting 

particles 

and  filaments- 

The 

fornation  of  surface 

films 

occurs 

as  a result  of 

the  adsorption  of  the  molecules  of  gas  ty  metallic  contact 
surface. 


DOC  * 78012430 


PAGE 


Page  590. 

Adsorbed  aolecules  through  certain  tine  dissociate  during 
sinultaneous  electron  exchange  with  the  adsorbing  nediun 
(cheaical  adsorption).  Netal  ions  are  free/released  froa 

space  lattice  and  react  (cheaical  reaction)  with  the 
chenically  adions  of  gas.  In  the  foraed  thus  surface  fila 
roaa  botk.  the  ions  of  aetals  and  the  electrons,  which  were 

freed  froa  space  lattice,  and  the  electrically  charged 

atoas  of  gas,  thus  far  they  do  net  enter  into  reaction. 

lith  the  coaautation  of  current,  the  processes  of 

filaiag  considerably  becoae  coaplicated  as  a result  of  the 
effect  of  electrical  spark  or  arc  on  the  surface  of  aetal 
and  resolution  of  organic  vapors. 

Pilning  occurs  in  very  snail  tiae  interval,  thus,  for 
instance,  atoaically  pure  surface  of  tungsten  (obtained 
incandescence  at  teaperature  of  2000°C  in  high  vacuua)  is 
cover/coated  with  the  fila  of  aolecular  thickness  in 
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nitrogen  or  oxygon  at  atsoapheric  piinn  approx i a i tely 
after  10  s,  tad  t ho  tkickoalng  (growth)  of  fila  slows 
down  rapidly  and  ceases  In  sevsrsl  Billiseconds. 

Precious  net a Is  in  air  are  cower/coated  with  fila 
appropiaatel y with  the  saao  speed  as  tuagsten,  but  an 
increase  in  the  fils  continues  considerably  longer  (on  gold 
- several  days,  on  silver  - several  hours,  and  on  platinun 
aad  its  alloys  with  iridiaa  - several  seconds). 


The 

resistor/resistance  of  th« 

fils. 

which  covars 

contacts. 

can 

be  expressed  by  the 

following 

forwula : 

» fu°  0 

Ha*  ~ na*  ’ 

(18-4) 

where  p„ 

specific  resistor/resistaace 

of 

fill,  6 

- its 

thickness 

and 

• - specific  "shin 

drag". 

in 

Q»cn*, 

deterained 

experiaentally  and  wore 

convenient 

for 

calculations. 

1/a.l 

R« 

calls  also  the  skin 

drag 

of 

contact. 

the 

specific  skin  drag  of  fila  « 

for 

gold  and 

silver 

equally  approxiaately  5»10~«  oh»n&  •cna'. 

c 

The  magnitude  of  & in  the  case  of  very  thin  films  C 5-0  * ' 

does  not  depend  on  teaperature,  but  with  thick  filas 

(6  > loot),  depends  on 
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temperature  just  as  specific  resistor/resistance  of 
sesiconductors. 

According  to  the  structure  of  fils,  they  can  be 
continuous  and  porous.  Continuous  filss  with  thickness  up  to 
several  hundreds  of  Angstron  do  not  in  practice  affect 
electrical  contact.  Such  files  can  exist*  also*  on  noble 
eetals  in  the  fore  of  the  adsorptive  files  of  the  moisture 

arid  other  substances. 

Page  591. 

Thicker  tarnish  narrower  affect  the  conductivity  of  contacts 
at  very  snail  voltage/ stresses  and  low  pressures. 

o 

The  files  with  thickness  eore  than  5000  A have 

considerable  effect  on  electrical  contact  up  to  the 

disturbance/breakdovn  of  its  conductivity. 

Brittle  files  are  less  harnful*  than  soft,  since  they 

easily  break  down  theeselves  during  the  collisions  of 


contacts 
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1’lastic  films  are  indented  into  the  intervai/gaps 

between  contacting  points,  having  gradually  tilled  then  and 
bringing  finally  to  the  disturbance/breakdown  of  contact. 

If  ve  at  very  lov  contact  pressure  increase 
voltage/stress  on  contacts  of  up  to  certain  value,  called 
the  "fritting  voltage",  then  the  skin  drag  of  fila  suddenly 
disappeared  (fila  seeaingly  it  breaks  down).  This  phenoaenon 
is  called  "fritting"  and  thus  far  does  not  have  coaplete 
explanation. 

yith  the  voltage/stress,  which  exceeds  the  "fritting 
voltage",  files  they  break  down,  and  contact  is 
establish/installed  within  the  penetrating  files  aetallic 
bridges. 

Are  distinguished  two  fores  of  fritting:  A - fritting, 
which  occurs  with  voltages  froa  0.5  to  1 ?,  and  B - 
fritting  with  voltages  0.01-0.2  V between  contacts.  The 
strength  of  field  in  surface  file  with  fritting  reaches  10* 

V/ca. 


In  practice  fritting  is  observed  at  very  low  pressures 
in  contact,  and  also  with  thick  badly/poorly  conducting 
surface  files.  Therefore  for  reliable  closing  of  contacts. 
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pressure  in  contact  eust  be  sufficient  for  the  plastic 
detonation  of  eaterial  at  contact  points  during  which  the 
filas  are  disruptted.  Furthernore,  it  is  desirable,  so  that 

tt(e  contacts  during  closing/shorting  would  fit  themselves, 
that  as  in  this  case  fila  is  reaove/taken  (it  strips 
itself)  aechanically. 

Kith  light  electrical  loads  soft  netals  (for  axample 
pure/clean  silver)  in  the  process  of  fitting-in  can  be 

polished,  in  such  cases  it  is  better  to  apply  tore  hard 
alloys.  With  snail  fitting-in  for  gold,  the  pressure  in 


contact  can 

be  less  than  1 g 

, and 

for 

silver 

must  be 

the  order 

of 

10-15 

With 

the 

content  in  huaid 

air 

of 

sulfuric 

anhydride 

(S02)  or 

of 

hydrogen  sulfide 

(H*S) 

in 

relations hip/ rati o 

Is  10*  on 

silver  is  forned  the 

filn 

of 

silver 

sulf ide 

(AGfS)  , that  has  high  specific  resistor/resistance  ( 1 0 1 0 • 
Q*cn).  This  concentration  of  hydrogen  sulfide  always  is  in 
industrial  areas.  With  an  increase  in  hydrogen  sulfide 
conceatration  to  1:10*  (in  the  presence  of  sulfur  containing 
types  of  rubber,  effect  of  the  perspiration  of  hands,  etc.) 
silver  turns  black. 


I 


1 
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The  palladium  and  platinua  contact  surface,  working 
without  electrical  load,  is  cover/coated  with  thin  file  froe 
polymerization  products  of  organic  vapors. 

Page  592.  $ 

At  the  edges  of  contact  area/site,  collects  dark  brown  or 
black  powder. 

With  prolonged  idleness  on  tungsten  ccntacts,  which  are 
found  in  closed  plastic  housing,  is  foreed  the  transparent 
organic  file  of  high  resistor/resistance. 

The  resistor/resistance  of  such  file  can  reach  several 
eegohes,  and  the  fritting  voltage  200-300  V. 

With  very  seal 1 voltage/stresses  frequently  is  observed 
a considerable  increase  in  the  contact  resistance  froe 
precious  eetals  (brass,  bronze  the  like).  For  the 
elimination  of  sieilar  phenomena,  is  applied  the  flow  of 
auxiliary  direct  current  about  the  contacts  of  small  value 
0.2-10  aA. 
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The  magnitude  of  contact  pressure  for  a highly 

sensitive  relay  is  within  the  liaits  f row  0.3  to  2 Q, 
sensitive  relay  are  fros  2 to  10  g9  telephone  and  control 
relays  are  fros  10  to  30  g and  auxiliary  relays  of 

autosation  froa  50  to  100  g.  For  tungsten  contacts  is 

reguired  the  increased  contact  pressure  noraally  froa  40  to 
120  and  with  large  loads  to  350  g. 

Tentative  the  curves  of  the  dependences  of  contact 

resistance  of  the  contacts  of  the  relays,  governing  the 

circuits  of  saall  power,  on  the  value  of  contact  pressure 

are  given  in  Pig.  18-1.  in  this  figure  by  dotted  line 

are  shown  the  upper  liaits  of  a possible  increase  in  the 
contact  resistance.  It  is  necessary  to  note  that  instead  of 
contact  resistance  of  contacts  frequently  erroneously  is 

aeasured  the  total  resistance  of  contacts  and  contact 
springs,  which  is  considerably  greater  than  contact 

resistance  of  contacts-  Thus,  for  instance,  resistance  of 

the  contact  spring  of  relay  of  the  type  BPN  is  equal  to 

0.0163  oh  a,  and  the  resistor/resistance  of  silver  contacts 
oscillates  within  liaits  approxiaately  froa  0.0006  to  0.0027 
oh  a. 


Figures  18-2  shows  the  curves  of  the 
contact  resistance  on  contact  pressure  for 

palladium  contacts. 


dependences  of 
pure/clea  n 
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It  pressures  of  less  one  gras,  transient  pressure 

sharply  increases.  This  is  explained  to  the  fact  that  the 
low  pressures  are  insufficient  for  the  ccsplete  destruction 
of  the  fine/thin  absorptive  nonconducting  file,  which  is 
foreed  on  contact  surface  and  which  decreases  the  nuaber  of 

contact  points. 

Thus,  for  the  reliable  work  of  pure/clean  palladium 
contacts  pressure  aust  be  aore  than  1-2 

For  contact  resistance,  have  great  effect  also  the 
insignificant  traces  of  aetals  - ]ron,  coppers,  nickel  or 
lead,  which  reaain  on  contact  surface  as  a result  of  wire 
drawing  (rolling  of  tape)  and  of  the  riveting  of  contacts, 
and  also  the  settling  with  soldering  or  victuals  of  the 
contacts  and  other  parts  relays. 


These  aetals 
tiae  an  increase 
failures  and  the 


are  oxidized  are  caused  in  the  course  of 
in  the  resistor/resistance,  short  duration 
failures  of  contacts. 


Page  593. 
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To  reveal/detect  the  traces  of  these  aetals  is  possible 
only  under  aicroscope  with  an  Increase  200  tines. 

Thus,  the  contact  resistance  of  relay  depends  on  a 
very  large  guantity  of  different  physical  and  cheaical 
processes,  which  take  place  on  contact  surface.  Purtheraore, 
on  contact  surface  are  deposited  dirt  particles,  dust  and 

wear  products  of  the  aovable  friction  parts  of  the  relay. 

Therefore  contact  resistance  depends  on  construction, 
technology  of  production  and  aaterials  frow  which  are  aade 

by  relay  the  contacts,  and  also  froa  value  and  character 

of  the  electrical  load  of  contacts,  conditions  of  their 
operation  and  coaposition  of  surrcunding  air  or  gas. 
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ply.  18-1.  Curved  of  the  dependences  of  contact  resistance 
of  the  contacts  of  relay  on  the  value  of  contact  pressure 
(d  » 2 •■).  1 - silver;  2 - 
gold-nickel  5o/o;  5 - platinua; 

7 - tungsten  (d  = 4 an)  8 - 

^ (4) 


gold;  3 - palladium; 

6 - plat inun-irid i u ■ 

r healua. 


4 - 

1 0o/o; 


Page  594. 
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investigations  shoved  that  the  contact  resistance  of 

relay  in  as-received  condition  can  oscillate  within 
sufficiently  large  Units,  but  a considerable  increase  in  it 
will  be  observed  usually  into  1-2o/o  of  cases. 

Par  exavple,  the  contact  resistance  of  the  relay  of 
the  types  RES9  and  RBS10  with  contacts  froa  alloy  P1I-10 
usually  oscillates  within  Units  froa  18  to  30-50  aD  (with 
current  but  of  1000  sanples  approxiaately  in  20 

cases  it  can  reach  to  0.5-1.5  oh  a,  and  in  We  -N>e  u r cases 
to  2.0-3.0  oha.  Of  relay  of  the  type  BES9  with  silver 

contacts,  the  contact  resistance  usually  oscillates  froa  11 
to  25  aQ,  and  into  lo/o  of  cases,  it  can  reach  to 

0a2-0.6  oha. 

According  to  the  data  of  foreign  -firss,  with  the 
co an u tat ion  of  current  aore  0.01  A initial  contact 

resistance  does  not  exceed  0.05  oha;  in  the  process  of 


service 

life,  it  increases  to 

0.1  o he,  the 

great 

value  of 

contact 

resistance  can  reach 

to  2 oha.  With 

the  c 

oaautation 

of  low 

currents  (10  pA  with 

10  aV)  initial 

contac  t 

• 

resistance  does  not  exceed  1 

oha,  final  - 

10  oha 

and 

great  - 

300-1200  oha. 

■ 
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After  the  prolonged  stay  in  air  under  noraal 


conditions 


Fig.  18-2.  Carved  of  contact  resistance  of  palladiua 


figures  18-3  gives  the  integral  distribution  curves  of 


contact  resistance  froa  the  different  naterials  through  28-32 


and  after  180-205-300 


j 
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conditions  £18-18).  Pros  these  curses  it  follovs 

•fter  180-300  dejs  the  sasiaus  sslue  of  the 
resistor/resistsnce  of  ,old  and  palladiu.-sUser  contacts 
increases  in  accordance  uith  12  and  8.5  .0  to  21  and  27 

.0.  nhile  those  of  silser  contacts  - fro.  16  to  2000  no. 


In  the  process  of  work 

on  contact 

foraed  the 

coatings  of  fuae 

(carbon)  9 as 

coabustion 

of  organic  vapors. 

or  filas. 

resistor/resistance  of  carbon 

contacts  is 

to  io  oha 

at  a pressure  in 

1 q and 

with  10  3*. 

cJ 

usually  have  vital  importance.  Only  with  the  very  large 
nuaber  of  functions  (>30«10*)  it  is  necessary  to  reject  the 
application/use  of  pure/clean  silver  for  contacts  and  to 
replace  it  by  nore  solid  wear-resistant  alloys. 

The  electrical  discharges,  which  appear  during 
interrupting  and  closing/shorting,  are  the  nain  reason  for 
tvo  fundamental  forms  of  the  destruction  of  the  contacts: 
chemical  (corrosion)  , 


connected  with  the  oxidation  and  other 
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reactions  at  high  aabient  teaperat  tiros,  and  physical, 
so-called  erosion,  of  the  connected  with  the  phenoaena 
physical  character  (Belting,  the  evaporation,  the 
atoaizat  ion/pulvec  ization  of  aaterial),  which  occur  on  working 
contact  surfaces.  Erosion  is  usually  accoapanied  by  the 
transfer  of  aetal  froa  one  contact  to  another  and  is 
especially  pronounced  with  direct  current. 

With  alternating  current  of  low  frequency  (50-500  Hz) 
the  phenoaenon  of  erosion  is  expressed  considerably  weaker 
as  a result  of  the  autual  balancing  of  a quantity  of 
transferred  aetal.  With  the  coaautation  of  high-frequency 
currents,  the  erosion  of  contacts  is  considerably  greater 
than  with  the  coaautation  of  the  currents  of  low  frequency, 
since  at  high  frequency  it  is  insufficient  tiae  for  the 
deionization  of  air  gap  during  the  passage  of  the  current 
through  zero  value.  An  increase  in  the  velocity  of 
interrupting  contacts  shortens  the  arcing  tiae  and  it 
decreases  the  erosion  with  direct  current.  With  alternating 
current  high  velocity  of  interrupting  contacts  increases 
overvoltages  and  the  duration  of  arcing. 

Corrosion  and,  in  particular,  oxidation  frequently  causes 
the  foraation  of  nonconducting  filas  on  contacts  and  the 
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tiae/teaporary  or  complete  distur bance/fcreakdown  of  the 
conductivity  of  contact. 

Erosion  and  transfer  of  aetal  cause  foraation/education 


cn 

one  of  the  contacts 

of 

the  outgrowths,  but 

on 

the 

other  of  crater*  which 

can 

in  the 

course  of 

time 

lead 

a 

considerable  change  in 

the 

fora 

of  contacts 

and 

t he  ir 

ganging. 

The  transfer  of  aetal  is  caused  by  the  fora  of  the 

discharges  between  contacts  and  depends*  mainly,  on  the 
paraaeters  of  the  electrical  circuit  in  which  the  contacts 
work.  Figures  18-4  scheaatically  shows  the  character  of 
erosion  (transfer)  of  aetal  on  contacts  under  the  varied 
conditions  of  their  work. 

Page  597. 

The  arc  of  interrupting  and  spark  cause  predoninant ly 

the  wear  of  cathode  (-)  and  the  partial  transfer  of  its 

aaterial  to  the  anode  {♦).  Liguid  bridges  and  short  arcs 
of  interrupting  and  closing/shorting*  and  also  cold  enission 
of  cathode*  on  the  contrary,  give  the  wear  of  both  cathode 
and  the  anode*  but  the  evaporation  of  the  latter  because 
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of  a considerable  anode  drop  is  usually  no  longer  is 
observed  the  partial  transfer  of  the  aaterial  of  the  anode 

to  cathode. 

Besides  reasons  indicated  above  for  the  disruption  of 
the  work  of  contacts,  are  observed  also  sticking  and 

sintering  (cohesion/coupling)  contacts  (phencaenon  of 
coherence)  . 

Welding  contacts  is  connected  with  high  heating  and 
aelting  of  contact  points.  In  low-power  contacts  the  welding 
is  observed  in  the  capacitive  circuits,  which  do  not  have 

the  Uniting  resistor/resistances  in  which  are  created  the 

conditions  for  the  f ocaation/educat ion  of  high-currents 
discharge  during  closing  of  contacts. 


Caking 

(cohesion/coupling) 

is 

observed  with 

low 

voltages 

aa  d at  1 ow 

contact  pressure; 

it 

is  caused  by 

the 

net  allic 

bridges,  which  are  foraed  with  the  breakdown  of  the  finest 
insulating  file  between  contacts. 
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a)  Erosion  during  interrupting  of  contacts. 

If  one  assuaes  that  for  the  enclosing  tiae  of  contact  tp 
the  contact  area  or  pressure  in  contact  changes  according 
to  linear  lav,  then  we  will  obtain  [ 18-31: 


Key:  (1).  or. 


where  s0  and  F K0  is  an  area  of  contact  and  prassure  in 
the  contact  prior  to  the  beginning  of  the  process  of 
interrupting,  i.e.,  with  t * 0. 
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Hg.  18-4.  The  character  of  erosioa  (transfer) 
contacts  under  the  varied  conditions  of  their 
current  the  less  than  •axiaua;  b)  the  current 
eaxiaea;  c)  current  considerably  sore  aaxieua; 
extinguished  by  capacitance/capacity. 


of 

■eta  1 

on 

work: 

a) 

the 

of 

■ore 

d)  s re  is 


O).  Interrupting.  (2).  Closing/shortiag. 


Page  598. 

Consequently,  the  dependence  of  contact  resistance  on 
tine  in  the  process  of  interrupting  can  be  etptes.ed  by 
the  following  foraula: 


(18-5) 
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■here  R*  is  contact  resistance  to  the  beginning  of  the 


process  of  interrupti 


ng« 


Differential  equation  for  a circuit  tilth  the  broken 
contacts  will  take  the  fore 


For  the  end/lead  of  the  process  of  the  interrupting 
when  Rk  rapidly  increases,  let  us  disregard  the  value  of 
the  resistor/resistance  of  circuit  and  will  replace  the 
derivative  di/dt  with  the  relation  of  differences,  i.  e.  , let 

us  assuee 

rf«  0— i 


« ip-r 


then 


, 4i  Li 


h0 


T-TTT--V*  TT7 

*r 


KOp 


■hers  f/„  is  a voltage  drop  across  contacts. 


Substituting  this  expression  in  equation  (18-b),  we 
obtain: 


J 
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whence  it  follows  that  for  end  points  of  tine,  close  to  tp, 
voltage  on  the  contacts 


UH 


u 


(18-7) 


tt  L ««  then  voltage  at  the  aoaent  of  opening  can 

achieve  the  large  values,  sufficient  for  the  onset  of  spark 
or  arc  between  contacts. 

The  value  of  the  energy,  isolated  in  contact  at  each 
aoaent  of  tiae,  is  equal  to: 


A = f UKi  di  = ( [ff —Ri—L  ^]i  dt 


■jLP  + R 


W- 


i)dt.  (18-8) 


S 


This  energy  lore  stored  up  nagnetic  energy  L lz/2 , 
since  during  entire  the  reclosing  tine  of  contacts  current 
source  continues  to  supply  circuit. 

Page  599. 
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At  the  last  moment  before  the  disruption  of  contacts 

the  specific  power,  occurring  per  unit  of  the  last/latter 
parts  of  the  contact  area. 


p 

9 


FF 


(18-9) 


Hhan  t - tp  the  value  of  the  specific  power  strongly 
grow/rises  and  the  arterial  of  contact  at  last/latter  points 
is  aelted,  foraing  between  contacts  liguid  bridge  from 
aolten  aetal  which  as  a result  of  the  phenoaenon,  analogous 
to  electrolysis,  it  will  be  thinned  at  the  anode,  thus  far 
it  is  not  broken,  taking  away  the  particle  of  the  aetal 
of  the  anode. 


During  interrupting  of  circuit  with  inductive  load  on 

contacts,  appears  high  voltage,  since 

< 

' U„  = U-l£  = U + L Igl.  (18-10) 


In  this  case,  between  contacts,  appears  the  gas  discharge 
in  the  fora  of  spark  or  arcs. 


Arc  discharge.  In  air  the  arc  discharge  is  acconpanied 
by  the  electronic  and  ionic  conductivity  cf  intercontact 
interval/gap  with  coaparatively  low  gradients  of  electric 
potential  (on  the  order  of  10—20  V)  and  of  current  density 
to  10 4 A/ca*. 


I 


Arc  discharge  is  characterized  by  the  tailing/incident 
volt-aapere  curve,  and  also  the  presence  of  plasma  and 
cathode  spot.  The  electrons,  necessary  for  maintaining  the 

\ 

discharge,  enter  froa  cathode  in  essence  because  of  the 
theraionic  eaission.  Teaperature  ia  the  channel  of  discharge 

3000-1 0000 °C.  For  aaintaining  the  stationary  arc  process,  the 
voltage  on  contacts  and  arc  current  nust  not  be  less  than 

the  aininua  voltage  of  arc  (U0)  and  of  ainiaua  arc  current 
(Io),  depending  on  material  contacts  and  aediua.  Values  I0 
and  0o  for  the  nuaber  of  contact  materials  are  given  in 
‘fable  18- 1. 

Ihe  value  of  ainiaua  arc  current  (lQ)  is  actually 
conditional,  as  so  I0  depends  on  the  coaposition  of  gas 
aediua,  teaperature  and  surface  condition  of  contacts,  of 
the  oxidised  and  covered  with  fume  ("  activated")  contacts 
value  l0  can  decrease  several  times.  According  to  Hole's 
data,  the  arc  by  duration  10“*  s can  appear  with  current 

0. Sl0  because  of  pair,  that  is  formed  during  the  blast  of 

bridge.  Value  u„  is  egu«l  about  8 V as  a result  of  low 
ionization  potential  pair. 
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During  arc  discharge  occurs  considerable  erosion  and,  as 
a rule,  breaks  down  itself  cathode,  which  is  aelted  and 
evaporates  because  of  the  stagnation  energy  of  the  positive 
ions  of  gas  and  vapors  of  aetal  cf  the  surface  of 
cathode. 

Page  600. 

The  pairs  of  aetal  are  condensed  on  the  colder  anode, 
in  consequence  of  which  is  realized  the  partial  transfer  of 
aetal  froa  cathode  to  the  anode.  kith  high  currents  the 

theraal  effect  of  plasaa  of  arc  on  the  anode  is  led  to 
the  preferred  loss  of  the  aaterial  of  the  anode  £18-1  ]. 

Erosion  of  contacts  with  low  currents. 

Spark  discharge.  Spark  discharge  appears  as  a result  of 


the 

breakdown 

of 

interelectcode 

interval/9*P 

at 

a voltage 

aore 

than  300 

v. 

a pressure  of 

the 

order 

of 

ataospheric 

(it 

is  above) 

and 

a current  it 

is 

less  than 

In- 
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Spark  discharge  is  characterized  by  very  short  duration 

s) , the  high  current  density,  which  reaches  by 
10*-10*  k/cm *,  and  very  high  teaperature  in  the  channel  of 
discharge  10*-10*°C).  The  vapor  pressure  of  aetal  in 
intercontact  gap  reaches  to  400  at  £18-34, 


18-28] 
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Tnble  18-1.  Niaiaua  paraaeters  of  arc. 


V* 

Tok  to,  o 

1 

0.  1 

Hpa  1 — l.b  u a 
U-ll4  a 

Hanrii: 

Marepaiui 

Tlanp«)»>0- 

HUO  L’o,  « 

Ui 

A71MHM 

Ayr*  i, 

MM 

AJ^iTejib- 
fiOCTb 
ropemia 
Ayr*  t,  1 
ceK 

iipnuapi 
Batina  /, 
0 

l^C*pe6po  b B03Ayxc  (bmh«- 

bocti.  45%) 

^C#po6po  B HMCTOM  cyxou 

0,3  -0,4 

12 

1,2  1,3 

— 

20,5  24 

N aaoTo  

ki-'\Cepf0po  a asoTe  c 1%  ku- 

0,8 

13 

— 

— 

cJiopoAa 1 

0.32 

— 

— 

V'’)C*p*>f,po  iipu  -f-120°C  . . .1 

0.25  j 

12  1 

— 

— 

i .‘Cepoopo-ueA*'  I'1®!) 

Vllaa-rmia 

0,25 

12  I 

— 

— 

0.7 -1.0 

15  17,5, 

— 

— 

15 

, ■<Ula»Tuna-upBAUu  IP 

5\aaTmia-iH'Muu-7 

0.8  1.1 

20 

! • 

— 

S 2.5 

— 

— 

1 

O^laaaaauii 

0.45-0,8 

8-14 

— 

I b 

h i la. i.uopui  ct>ptf6po-4o  .... 

0,5 

— 

— 

— 

— 

Mlla.i.iaAuft-ueAh-40 

0,6 

— 

i 

— 

i 

f\ioaow 

0.38 

11,5  15 

— 

— 

(WojIOTO-HHKl'.'lb-O 

0.4 

15 

— 

— 

(jPOAHfl  

0,35 

13 

— 

_ - 

^ -'Boa i.* pa « h BOaAyxe  .... 

1,0 — 1.4 

15  17,5 

0,05 

0,2 

35 — 39 

ZlWOJIbffipAM  U AJOTO 

■(PMBi 

, fMoj«6At>n 

0.9 

16 

— 

— 



0,3 

12 

1,4 

5,3 



0,75- 1,0 

17 

— 

— 

20-  22 

);-iHBKe;ib 

0,4 -0,5 

14 

— 

— 

5-7 

b Boa^yxe 

Vjleftb  b BOAopuAe 

0,4-  0,6 

12,3 

— 

— 

— 

1.3 

18 

— 

— 

— 

;vMeA»»  b bboto 

0.6 

14 

— 

— 

— 

tVT>-Tk 

3.0 

22 

— 

— 

— 

h'Vrojik 

! 

0,01-0,03 

15,5-20 

' 

Key: 

With 


<D 

X 


, ft  . / 

Material.  (2).  currency.  (3).  Voltage 


1 o» 


V.  (4) 


1.5  A and  0 = 110  V.  (5).  The  ainiaua  current 


of  sticking'7’*  (6) 


arciag 


(8) 


arc  length  X,  a a.  (7).  the  duration  of 
Silver  in  air  (humidity  (9).  silver  in 


pure/clean  dry  nitrogen.  (10).  silver  in  nitrogen  with  lo/o 
of  oxygen.  (11).  Silver  aith.  (12).  Silver-copper.  (13). 


Platiaua.  (14).  Platinua-iridiua. 
Palladium.  (17).  Palladiua-silver. 


(15)'.  Platinua-osaiu  a.  (16). 
(18).  Palladiua-copper. 
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(19).  Gold.  (20).  Gold-nickel.  (21).  Bhodium.  (22).  Tungsten 
in  air.  (23).  Tungsten  in  nitrogen.  (24).  Rhenium.  (25). 
Molybdenum.  (26).  Nickel.  (27).  Copper  in  air.  (28).  Copper 

in  hydrogen.  (29).  Copper  in  nitrogen.  (30).  Mercury-  (31). 
Carbon. 

Page  601. 

In  this  case,  the  local  overheating  of  contact  surface 
of  the  end/leads  of  the  discharge  channel  is  led  to  the 

blast  of  molten  metal  with  the  f ormation/education  of  flames 
from  vapors  of  the  material  of  the  contacts  which  produce 
the  decomposition  of  the  opposite  surfaces  of  electrodes. 

Rith  small  distances  among  contacts,  breaks  down  itself 

the  anode,  at  large  distances  - to  larger  degree  cathode, 
lith  small  amount  of  current  due  to  the  high 
resistor/resistance  of  circuit,  spark  avalanche  is  not 
formed,  and  at  low  air  pressure  is  obtained  the  glowing 
(calm)  discharge,  accompanied  by  cathode  sputtering. 

Rith  the  commutation  of  capacitive  and  inductive 
circuits  with  currents,  is  less  than  I0  and  by  voltages  it 
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is  less  than  300  W (but  is  aore  than  U0)  erosion  is 
caused  aainly  by  the  short-tern  lc*- voltage  pulsed 
discharges,  created  by  electrostatic  emission  to  small 
intercontact  distances  and  which  give  positive  transfer. 


Bridge  transfer.  With  the  coasutation  of  resistive 

t 

loads,  current,  is  less  than  ID  and  voltage  is  wore  U0  or 
with  current  aore  10  and  voltage  is  less  than  U„,  when 
are  absent  discharge  phenonena,  erosion  is  caused  in  essence 
by  aelting  the  contact  points  and  by  the  extension  of 
liquid  bridges  during  interrupting  of  contacts  with  their 
subsequent  aechanical  disruption  or  evaporation  in  the  fora 
of  blast  by  the  accoapanied  format  ion/education  pair, 
positive  ions  and  electrons. 

During  closing/shorting  the  bridges  appear  because  of 
extension  by  the  electrostatic  field  forces  (10'  V/ca)  of 
the  particles  of  the  softened  contact  aetal,  heated  by  the 
currents  of  electrostatic  emission  (10~*<»-10-1  * A)  with  very 
saall  intercontact  distances  (<2*10"»  ca)  • Bridge  erosion 
during  closing/ahorting  on  several  orders  is  less  than 
during  interrupting  of  contacts. 


1 ^ - 


r ••  - -/■- 
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Bridges  are  formed  usually  with  the  current  of  more 

s' 

than  10  aA;  however,  unstable  bridges  are  observed 
with  current  0. 1 aA. 


even 


The  length  of  bridges  is  within  the  liaits 
approxiaat ely  froa  0.1  to  10  pm  and  depends  on  the  naterial 
of  contacts,  value  of  current  and  ataospheric  pressure.  The 
diaaeter  of  bridges  is  approxiaately  equal  to  their  length. 


Because  of  good  heat 

reaoval. 

the 

bridges 

aa in tain /with stand 

high  current  densities 

(5*10* 

A/ca*). 

Pigure  18-5  gives 

curves 

of 

de  pendence 

of  the  Maximum 

length  of  the  bridges. 

which 

are 

forced  of 

the  broken 

contacts  froa  different 

aateria Is, 

froa  the 

value  of 

coaautating  current 

different  ataospheric 

pressure  s. 

obtained  experiae nta lly 

by  fl. 

A. 

Razuaikhin 

£18-28]. 

Dependence  curves 

of  the 

aost 

probable 

values  of 

breakdown  voltages  froa  the  distance  between  contacts  froa 
different  aaterials  at  different  atmospheric  pressures  are 
given  in  Pig.  18-6. 


Page  602. 
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T 


l 
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During  bridge  erosion  is  observed  total  positive 

transfer.  On  cathode  is  forned  the  needle  (peak),  while  on 
the  anode  the  corresponding  deepening  (crater)  . 

The  erosion,  caused  by  liquid  bridges,  does  not  depend 
on  the  inductance  of  circuit,  but  depends  on  the  strength 
of  disruptfted  current  and  can  be  expressed  by  the  following 
fornula: 

GwoCT  = (18-11' 

where  k - constant  of  the  naterial  of  contacts  and  /M0CT  ~ 
a current  in  contacts  at  the  nonent  of  the  disruption  of 
br  id  ge  . 

According  to  Hole's  last/latter  data  within  the  linits 
of  current  fron  2 to  20  A value  n = 2.  The  current 

strength  at  the  nonent  of  the  disruption  of  bridge  is 
deternined  by  the  following  expression: 

_ v — v 

Aioct=/ jr555’  (18-12) 

» 

where  I and  0 - established  values  of  current  and  voltage 
of  the  circuit  of  contacts  and  £/,*„  - the  voltage,  which 

corresponds  to  the  boiling  point  of  the  nateriax  of 

contacts  (for  silver  [/„„  — 0,7  V)* 

j 


f 

I 


T 


P 
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The  value  of  coefficient  k with  currents  more  2 A is 

virtually  constant  and  equal  to  0.38*10'**  ca*/A*,  but  with 

currents  below  2 A it  sharply  falls. 

Short  arc.  With  low  currents  appear  also  extra aely 
short-tern  transient  arcs  with  duration  on  the  order  of 

10'*  s (short  arcs).  These  arcs  appear  with  the  very  snail 
inductance  of  order  aicro-  or  aillihenry  cause  the  transfer 
of  the  aaterial  of  contact  froa  the  anode  to  cathode,  the 
value  of  transfer  depending  on  the  inductance  of  circuit. 

Short  arc  is  called  the  arc  whose  length  does  not 

exceed  10"4  ci  (aean  free  path  of  electrons).  The  arc  of 

larger  length  (^.10'*  ci)  is  called  long  or  plasma. 

Arc  of  very  snail  duration  can  occur  with  the  currents 
lower  than  Unit  of  arc  foraation,  if  contact  surface  "is 

activated"  as  a result  of  the  action  of  vapors  of  the 
organic  natter,  isolated  by  insulatioQ  (for  exaaple 
hydrocarbons),  or  it  is  contaninated  by  dust  and  oxide 
f lias. 
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Fig-  18—6-  Dependence  carves  of  breakdown  voltage  froa  the 
distance  between  contacts  at  the  different  values  of 

at  nospheric  pressure;  — — — contacts  fros  silver;  

contacts  fron  alloy  ZlM-5;  — contacts  fros  alloy  Pll-tO. 

, th<  s«vMt.  X SC 

1 - ataospheric  pressure  760  aa  Hg;  2 aa  Hg;  3 - the 

saae  100  aa  Hg;  4 - the  sane  40  aa  Hg;  5 - the  saae 

16  as  Hg;  6 - the  saae  6 aa  Hg;  7 - the  saae  2.5  aa 

Hg- 

Key;  Jl).  aa  Hg.  O).  V. 


Page  604, 
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The  activation  of  contacts  frequently  is  observed  in  the 
airtight  constructions  of  relay. 


The  liait  of  arc  foraation  of  the  "activated"  contacts 
descends  to  0.1-0.03^.  The  degree  of  erosion  increases  and 
contacts  are  cover/coated  with  dark  coating  (carbon  black 
froa  carbon  and  particles  of  the  aetal  of  contacts),  which 
at  low  pressures  increases  contact  resistance. 


Erosion  of  contacts  with  neutral  currents. 


ire  of  interrupting,  with  neutral  circuital  currents  (I 
> I0  and  U > U0) , appears  arc,  since  the  electrons, 

pulled  out  by  electric  field  froa  cathode,  have  sufficient 
energy  for  the  intense  ionization  of  the  aolecules  of  the 
gas  between  electrodes.  Gas  ions  boabard  cathode  and  is 
caused  its  erosion.  The  losses  of  the  aetal  of  cathode  are 
proportional  to  a quantity  of  electricity,  which  takes  place 
through  the  arc,  i.e.,  are  approxiaately  proportional  to  the 
strength  of  disruptted  current.  Fartheraore*  thermal  action 
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of  arc  g ives  sup  pleaantary  erosion,  aaterial  of  contacts  it 
evaporates  and  is  splashed,  contact  surfaces  are  oxidized. 

In  the  presence  of  the  arc  between  contacts,  the 
current  strength  in  the  broken  circuit  is  deterained  by  the 
equation: 

U-M  + L%  + Ut,  (18-13) 


/ 


where  {/«  - a voltage  drop  across  arc  (on  contacts).  A 

voltage  drop  across  arc  is  the  function  of  current  / of 

the  distance  between  contacts  and  physical  properties  of  the 
■aterial  of  contacts. 

Nunerous  investigations  showed  that  with  snail  distances 
between  contacts  a naxinun  voltage  drop  across  arc  in 
inductive  active  circuits  can  be  expressed  by  the  following 
f oraula: 

Key:  (1).  or. 

where  Is  and  U0  the  niniaun  value  of  current  and  voltage 
with  which  appears  the  arc;  PQ  - constant  for  this 


naterial,  whose  value  is  equal  to  the  pover,  necessary  for 
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Maintaining  the  processes  of  ionization  in  arc. 


1 


1 


t 

r 


For  short  arcs  is  known  also  another  foraula  of  the 
Uniting  current  through  the  contact: 

= A>  jj  (j  • (18-15) 

* « 

The  curved,  liaiting  values  of  current  and  voltage 
lower  than  which  under  these  conditions  in  circuit  and 

purely  resistive  load  cannot  exist  arc  with  plasna  ("light 
arc"),  are  called  aaxiaua  volt-aaperes  characteristic  of  arc. 

Page  605. 

The  presence  of  inductance  in  circuit  sharply  decreases  the 
Uniting  arc  characteristic,  and  capacitance/capacity,  on  the 
contrary,  raises  this  characteristic. 

Figure  18-7  gives  aaxiaua  volt-aaperes  characteristic  of 

arc  for  the  contacts,  prepared  froa  different  Materials. 

kith  a decrease  in  the  arc  length  (i.e.  the  distance 
between  contacts)  its  aaxiaua  volt-anpere  characteristic 
descends.  The  dependence  between  the  voltage  and  arcs 
current  of  ainiaua  (virtually  zero)  length  is  called  the 
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the  crater,  while  on  the  anode  outgrowth,  i.e.,  during 
transition  to  arc  discharge  the  direction  of  the  transfer 
of  aetal  changes  by  reverse/inverse  (negative). 


The  erosion,  produced  by  the  coabined  action  of  the 
noreal  arc  of  interrupting  and  short  arc,  is  expressed  by 
the  following  formula: 


= Y«9«  ~ Yp?p< 


(18  |6) 


where  Y,  end  V,  - coefficients  of  erosion  for  a normal 
and  short  arc;  qr  and  q,  - the  quantity  of  electricity, 
transferred  by  normal  and  short  arc. 


The  value  of  the  coefficients  of  erosion  depends  on 
the  density,  thermal  conductivities  and  the  boiling  points 
of  the  material  of  contacts  and  medium  in  which  work  the 
contacts:  the  type  of  gas,  its  temperature  and  pressure. 

The  coefficient  of  erosion  for  a short  arc  y,,  furthermore, 
it  depends  on  surface  condition  and  velocity  of  the  notion 
of  contacts. 


According  to  different  authors's  data,  within  limits 
approximately  from  1.5  to  8 A value  yp  for  silver  in  air 
is  equal  to  (0.  33-0.43)  X 10"*  cm*/h. 
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According  to 

holm's 

data. 

with 

the 

current  strength  to 

5 A for  silver 

in  air 

value 

Y. 

can 

be  considered  as 

constant  and  equal  to  7«10~*  iith  an  increase  in 

the  current  sore  than  5 4 y,  increases  alaost  proportional 
to  current. 


The  quantity  of  electricity,  carried  by  arc,  is  equal 
to: 

q = \i(t)dt.  (18-17) 

In  the  case  of  purely  resistive  load,  the  quantity  of 
electricity,  carried  by  arc,  can  be  approximately  determined 
by  the  following  equation: 

q = lKCOx<=^l^tl±x,  (18-1 7a ' 

where  /«cp  - an  average/mean  c«.rre^  to  arc,  I,  - a 
current  dmrinq  the  formation  of  arc,  I*  - a current  with 
arc  extinction,  r - an  arcing  time. 

If  we  accept  the  velocity  of  the  disagreement  of  the 
contacts  of  constant,  then  the  arcing  time 


(18-1 S ' 
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PACE 

/3^° 


. V - the  velocity  of  the 
_ . ia  u arc  length  and 

di«gr— .at  of  contacts. 

. , «e  find  fro» 

th.  ..lues  .*  “•  11  “ ,lt  of  the 

volt-nnper  es  chaccteristic  of  contacts 

Une  of  10.4  He  l»i9-  ,8-9>- 

page  607. 

ie.,  gives  volt-. .petes  characteristic  of  olivet 

fi9“re  da  to  the  locked  state  of 

contacts.  Point  I cottespon  clicr.nt 

, ,o  the  beginning  of  ate 

contacts,  point  B 


the  woltage 

•»>  u , ...  - 

increases.  «hile  at  P # o£  load  is  tangential  to 

. T At  point  c, 

current  1-  corresponds  to  this  ate 

volt-n.pete  ch.cct.tl.tic 

length. 

, oot„t  of  erosion  during  tensitton  fro. 
The  inversion  poi  ^ dlschac9.s  is  the 

pte- arcing  region  to  the  region 
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natural  boundary  of  the  division  of  low-power  contacts  into 
weak-current  and  noderately  loaded. 


With  a further  considerable  increase  in  the  current, 
the  predoainate  theraal  action  of  arc  on  the  anode  will  | 

involve  a new  change  in  the  direction  of  the  transfer  of 
netal.  This  second  inversion  point  is  the  boundary  of  the 
subdivision  of  contacts  to  noderately  loaded  and  highly 
stressed  (high-current).  The  character  of  erosion  of  positive 
and  negative  contacts  depending  on  the  current  strength  in 
the  broken  circuit  (with  U > UQ)  it  is  shown  in  Pig. 

18-10. 
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Fig.  18-9.  Static  volt-aeperes  characteristic  of  silver 

contacts. 

o)  ( ; a)  r. 


Fig.  18-10.  Character  of  erosion  of  positive  and  negative 
contacts  depending  on  the  current  strength. 

Key:  (1).  cathode.  (2).  Losses  of  natal.  (3).  the  anode. 

Page  608. 


f 


I ] 
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W)  Erosion  during  closing  of  contacts. 

The  autoelectric  eaission.  During  the 
approach/approxiaation  of  contacts  to  each  other  on  the 
distance  on  the  order  of  10"*  ca  the  voltage  gradient 
grov/rises  to  10*-10»  V/ ca  and  under  the  effect  of  electric 
field  appears  the  autoelectronic  eaission  of  electrons  from 
the  surface  of  cathode,  which  causes  spark.  This  spark 
cannot  develop  into  other  foras  of  discharge,  since  at  the 
following  aoaent  of  tiae  contacts  are  closed.  Electron 
streaa  froa  cathode  causes  saall  erosion  cf  the  anode, 
since  the  flow  value  and  duration  of  its  action  are  saall. 

But  in  the  case  of  the  presence  of  bouncing  of 
contacts  after  the  first  closing/shorting  appears  the  arc, 
which  as  a result  of  saall  distances  can  give  larger 
destruction  than  during  interrupting  of  contacts. 


Short  arc.  The  supplying  installation  wires  and  the 
contact  springs  of  -elay  possess  distributed  capacitance.  The 
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value  of  this  capacitance  depends  on  diaaeter  and  length  of 
lead  vires,  their  insulation  and  distance  fron  adjacent 
vires  or  netal  (grounded)  boards  or  instrunents. 

During  closing/shorting  this  capacitance/capacity  gives 
the  discharge  through  contacts  in  the  fora  of  short  arc. 

In  parallel  to  contacts  soaetises  is  included  the 
spark-quenching  duct,  vhich  consists  of  capacitance/capac it y 
and  resistor/resistance. 

The  connection/inclusion  of  capacitance/capacity  in 
parallel  to  contacts  decreases  the  erosion  during 
interrupting  of  contacts  and  increases  erosion  during  the 
closing/shorting  of  these  contacts. 

Changing  capacitance  value,  it  is  possible  to  find  the 
condition  under  vhich  the  transfer  of  aetal  to  both  sides 
vill  be  balanced. 


The  quantity  of  electricity,  vhich  passes 
of  the  short  arc  of  closing/shorting,  can  be 
the  folloving  foraula: 


in  the  form 
expressed  by 


u-u. 


*ldt 


C*(U-U,)(\-e  *«),  (18-19) 


9. 


r 


I 
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where  0o  - ainiaua  voltage  of  arc  foreatioe;  t„  Is  a 
duration  of  the  arcing  of  breaking;  C„  is  a 
capacitance/capacity  between  contacts  taking  into  account  the 
capacitance/capacity  of  springs  and  lead  wires;  r is 
resistor/resistance  of  springs  and  lead  wires. 


If  -^-<1,  then 


Vr-V,A 
r S<*' 

For  tentative  calculations  Sola  gives  the  empirical 


formula: 


ta=  _T(P-CU« 

T » 


3 • 10*  • reirCK 


where  r - the  constant  of  aaterial,  which  depends  on 
pressure  in  contacts  and  the  velocity  of  their  approach. 


Page  609. 


For  silver  in  air  with  v * 10  cn/s*  we  have  r = 2, 

also,  with  v = 1 ca/s  - r * 20. 


L 
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by  the  action  of 
deterained  by  the 
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of  contacts  during  interrupting,  caused 

liquid  bridges,  noraal  and  short  arc,  is 
expression: 


G — Ad  y oct  + YW»  — Yp9p- 


18-4.  Haterials  for  contacts. 


For  the  contacts  of  the  relays,  working  with  saall 
currents  (<I«)  , are  applied  the  precious  aetals:  silver, 
platinua,  palladium,  gold  and  their  alloys  of  the  type  of 
solid  solutions. 

For  the  contacts,  working  with  the  currents,  which 
exceed  I0,  sost  adequate/approaching  are  sclid  and  refractory 
aetals  and  their  alloys  of  the  type  of  the  solid 
solutions:  tungsten,  rheniun,  aolybdenun,  platinus-iridiua, 

palladium- silver,  etc. 

kith  high  currents  the  setals  and  their  alloys  prove 
to  be  insufficiently  wear-resistant,  they  rapidly  are 
oxidised,  they  are  fused,  have  large  wear  as  a result  of 
evaporation  and  sputterings  and  possess  the  ability  to  be 
welded.  la  such  cases  usually  are  utilized  two-phase  the 
systews,  the  so-called  cos posit  ions. 
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The  characteristics  of  different  contact  aaterials  are 
given  in  Table  18-2  Cl8~7]« 


a)  Silver. 

Because  of  low  contact  resistance,  high  electrical 
conductivity  and  theraal  conductivity,  good  technological 
properties  and  low  cost/value,  silver  contacts  received 
widest  use  alaost  in  all  types  of  relay. 

Silver  is  applied  three  brands:  connercially  pure 
99.9o/o  and  silver  fusion  fron  7.5  or  lOc/o  of  copper 
(90.0o/o).  Under  the  action  of  electrical  discharges,  silver 
is  oxidized  (it  grows  dark),  but  silver  oxides  are 
conducting  and  easily  dissociate  (8  150-200°C).  Therefore 

oxidation  barely  affects  the  nagnitude  (stability)  of  the 
resistor/resistance  of  silver  contacts  with  the  exception  of 
the  cases  with  very  low  contact  pressure. 
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In  the  presence  of  oxygen  and  moisture,  silver 

interacts  with  hydrogen  sulfide  whose  traces  always  are  in 
air,  forming  the  black-grey  fila  of  sulfurous  silver,  which 
possesses  very  high  resistor/resistance.  This  fila  can  reach 
sufficient  high  thickness  in  order  to  destroy  the 
conductivity  of  contact.  Therefore  silver  contacts  should  not 
be  applied  in  low  contact  pressures  (less  than  5 g and 
voltage  less  than  7-10  V* 


The  containing  sulfur  aaterials  (for  exaaple,  vulcanized 
rubber,  ebonite,  etc.)  should  not  be  placed  near  silver 
contacts.  Dry  sulfur  dioxide  does  not  operate  on  silver. 
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Page  410. 

Table  18-2.  Characteristics  of  Mttriala  foe  coatacts. 
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Key:  (1).  Designation  of  Material.  (2).  Brand.  (3).  Density 


T,  g/ca3.  (4).  Melting  point 
20°C  p,  ohe  aa*/a.  (6).  the 


60  °C. 

thernal 


(5).  Resistivity  with 
conductivity  } , v/cm  • 


— 


•7 
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deg.  (7).  Ultimate  tensile  strength  * rr  kg/aa*. 

FOOTNOTE  *•  The  saaller  values  of  the  Unit  of  strength 
and  hardness  are  related  to  the  annealed  aetals^  large 
to  those  who  were  not  annealed.  EMDFOOTNOtE. 

(8).  Hardness  on  Brinell  kg/ma*.  (9).  silver.  ( 10) . 

electrolytic.  (11).  Silver-copper.  (12).  Platinua.  (13). 
electrolytic.  (14).  Platinua- iridiua.  (IS).  Platinum-rhodium. 
(16).  Platinua-osaiua.  (17).  Palladiua’.  (18).  electrolytic. 
(19).  Palladiua-ir  idiua.  (20).  Palladiua-silver . (21). 

Palladiua-copper.  (22).  Gold.  (23).  Gold-nickel.  (24). 
Gold-platinua.  (25).  Tungsten.  (26).  Rhenium.  (27). 
Holybdenua.  (28).  Iridiua.  (29).  Rutheniua.  (30).  Osaiua. 
(31).  Rhodiua.  (32).  Rhodiua  is  electrolytic.  (33).  Nickel. 


Page  611. 


A deficiency/lack  in  silver  is  its  weldability  with  the 


commutation  of  high  currents  (>20 /J). 
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Che  iapurity/adnixture  of  copper  increases  hardness 

b.dnces  .rosion  of  silver.  but  during  tbe  foruat Lon /education 
of  arc.  the  alloys  of  silver  uitb  ccpp.r  strongly  «« 
oridired.  and  contact  resistance  at  lo.  pcessutos  beco.es 

unstable* 

Recently  appeared  silver  fusion  .itb  cad.iua.  intended 

for  aediu.  loads.  Tbe  application/ use  of  silver  fusions 

nf  SBaii  power  sonewhat  decreases 
cedniea  for  the  contacts  of  snail  po 

a . a.  aives  no  advantages  in  the 

needle  formation,  but  it  gives 

relation  to  erosion  and  weldings. 

silver  alio,  uitb  tbe  s.all  i.pnrity/.d.ixtnre  of 
■egnesiue  and  nickel  f-O.So/o)  possesses  good  spring  and 
contact  properties.  This  alio,  is  appiied  abroad  for  fbe 
production  of  the  contact  springs  of  aini.tur.  relays. 


^ platinun. 


Because  of  the 
noncorrosion  property 

the  platinu*  widely 


high  paraneters  of  arc,  large 
and  the  good  technological  properties, 
is  applied  under  the  severe  conditions 


r 


?wy. 
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of  work 

and 

at 

low  contact  pressures 

(less  than 

15  jj)  for 

the  contacts 

of 

relay.  However,  platinua  and 

its 

alloys  are 

inclined 

to 

the 

foraation/education  of 

bridges 

and 

needles 

with  low 

currents 

. In  pure  fora  the 

platinua 

is 

a pplied 

coaparatively  rarely  as  a result  of  insufficient  hardness. 

The  widest  use  use  platinua  alloys  with  iridiua;  these 

alloys  are  not  oxidized,  they  very  well  resist  arc 
formation  and  ace  characterized  by  high  hardness  (they  yield 
to  aachining  with  the  ccntent  of  iridiua  to  30o/o)  . with 

inductive  load  by  current  1A  and  voltage  50  V (with  spark 

extinguishing)  the  service  life  of  contacts  of  platinua 
alloy  with  lOo/o  iridiua  approxiaately  two  tiaes  it  is  note 
than  contacts  froa  pure/clean  platinua. 

Platinua  alloys  with  rhodiua  (lOo/o)  are  less  inclined 

to  the  f oraation/education  cf  needles,  than  its  alloys  with 
iridiua  ( lOo/o).. 

Platinua  possesses  insignificant  volatility  and  very 
weakly  absorbs  hydrogen.  Kith  mediua  loads  (2  $)  contact 
resistance  of  platinua  contacts  is  saall,  but  with  low 
currents  this  cesistor/resistance  becoaes  unstable  and  changes 
within  very  large  Units. 


DOC  - 78012*31  PAGE  ^ 

/iO 

It  is  necessary  to  note  that  platinua  and  its  alloys 
are  scarce  and  expensive,  they  they  aust  be  applied  only 
in  the  case  of  emergency. 


c)  ffelladiua. 


One  of  the  substitutes  of  platinua  is  palladium  which 
in  a series  of  properties  closely  is  approached  the 
platiaua,  but  is  considerably  cheaper  it. 

Page  612. 

in  comparison  with  platinua  palladium  of  less  struts  in 
the  relation  to  oxidation  in  air  (grows  din  at  500-600°C), 
but  oxides  of  its  not  strut  are  decoapose/expanded  at 
higher  temperatures.  Noticeable  difference  is  in  the  aelting 

points  and  boilings,  and  also  in  volatility  and  cathode 

atoaizability  which  for  palladium  is  egual  to  100  relative 
unity  instead  of  40  for  platinua.  Therefore  contacts  from 

palladium  in  work  are  cover/coated  with  black  coating. 


DOC  » 78012431 


PAGE 


Platinua  fusion  froa  7o/o  Os  possesses  the  very  high 
value  of  ainiaua  arc  current  (2.5^)  and  large  hardness  <250 
kg/aa*).  Palladiua  has  in  coaparison  with  platinum  and 
silver  the  very  saall  current  of  sticking#  and  considerably 
saaller  coefficient  of  erosion  with  the  arc  of  interrupting. 
Tendency  toward  needle  fornation  of  palladiua  is  lass  than 
in  platinua.  Annealing  in  hydrogen  for  palladiua  is  not 
applied  that  it  dissolves  hydrogen  in  large  quantities. 


The  service  life  of  contacts  of  palladiua  with  greater 
loads  apprcxiaate ly  on  40o/o  is  less  than  platinua  contacts. 
The  cost/value  of  palladiua  is  2.12  tiaes  less  than 
platinua#  and  if  one  considers  that  the  specific 
gravity/weight  of  palladiua  is  1.87  tiaes  saaller  than  the 
weight  of  platinua#  then  easy  to  asaertain  that  the 
cost/value  of  palladiua  contacts  is  4 tiaes  cheaper  than 
platinua. 


Besides  coaaercially  pure  palladiua#  for  the  contacts  of 
relay  one  should  apply  its  alloys  with  silver  (40o /o) , by 
iridiua  (10o/o)  and  copper  (40o/o).  Contacts  froa  palladiua 
and  its  alloy  with  silver  do  not  give  ncises  in  the 


silver 


do  not 
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circuits  of  audio  frequency  (they  do  not  possess 

■icrophonics) . The  cost/value  of  contacts  of  palladium  fusion 
uith  silver  is  9 tiees  less  than  platinua. 

However,  the  alloys  of  palladiua  with  silver  and 

especially  with  ccpper  are  characterised  by  the  increased 
hardness,  they  cannot  be  used  for  the  production  of 

e 

contacts  without  special  heat  treataent.  In  the  annealed 
state  palladiua  fusion  with  silver  in  hardness  approaches 
platinua  fusion  with  10o/o  of  iridiua. 


<&■)  Rhodiua. 


Rhodiua  is  very  good  aaterial  for  the  contacts:  it 
does  not  grow  dia  in  air,  it  is  characterized  by  good 
electrical  and  theraal  conductivity,  saall  volatility, 
infusibility  and  saall  plasticity.  In  the  annealed  fora  the 
rhodiua  has  saall  hardness  (115  kg/anZ),  while  in  the 
galvanically  precipitated  state  very  large  (500-700  kg/aa*). 

As  a result  of  the  coaplexity  of  aachioing  and  high 
cost/value,  the  rhodiua  is  applied  only  in  the  fora  of  the 
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electrochemical  coatings  with  thickness  frow  2 to  20  p 
(with  silver  sublayer}  and  cannot  be  used  with  high 
currents. 

Fage  613. 

t 

By  large  hardness,  good  wear  resistance  and  high 
stability  to  erosion  is  characterized  by  the  alloy  of 
30-40o/o  rhodiun  with  oseiue  which  is  applied  in  the 
jarring  contacts  of  voltage  regulators  and  does  not  develop 
stickiness. 

The  electroly tically  precipitated  rhodiun  has  high 
hardness  (800  according  to  Vickers),  which  provides  the  very 
seall  wear  of  contacts.  Rhodiun  is  applied  for  circuits 
with  low  voltage  and  low  currents  when  is  required  large 
wear  resistance  (sliding  contacts). 


e)  & old. 

Gold  is  not  virtually  oxidized  in  air,  it  possesses 
low  contact  resistance  and  is  the  best  naterial  for  the 
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Furtheraore,  gold  has  saall  hardness  and  strongly  it  is 
abraded  with  the  large  nuaber  of  coaautations. 

For  the  contacts  of  the  relay  of 
coaauaication/connection,  which  coaautate  low  currents,  abroad 
soaetiaes  is  applied  the  ternary  alloy,  which  contains  70o/o 

Au,  24o/o  Ag  and  60/0  Pt. 

Auric  fusion  with  5o/o  of  nickel  is  characterized  by 
froa  pure/clean  gold  the  increased  hardness,  greater  by  wear 

resistance  and  snaller  tendency  toward  needle  foraation.  With 
respect  to  stability  to  corrosion,  this  alloy  with  normal 

teaperature  and  saall  huaidity  is  not  inferior  to  gold  and 
provides  low  contact  resistance  of  contacts. 


i 
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However,  at  elevated  temperatures  (♦100°C)  auric  fusion 
with  nickel  with  the  coeeutation  of  low  currents  and 
voltages  gives  a considerably  larger  guantity  of  short 
duration  failures,  than  coswercially  pure  gold. 

f)  Tungsten. 


As  is  known,  stability  to  erosion  of  sparking  contacts 
is  raised  with  an  increase  in  hardness  and  teaperatures  of 
■siting,  sublimation  and  boiling  the  material  of  the 
material  of  contacts,  which  is  connected  with  an  increase 
of  the  strength  of  its  interatomic  bonds.  Therefore  for  the 
contacts,  which  commutate  currents  more  than  I0  and 
increases  voltages,  most  adeguate/approaching  are  more  solid 
and  refractory  metals  and  their  alloys  of  the  type  of  the 
solid  solutions:  tumgsten,  rhenium,  molybdenum, 
platinum-iridium,  palladium  - silver,  etc. 

Tungsten  is  characterized  by  large  hardness  and 
brittleness,  very  high  melting  point  and  therefore  several 
times  it  is  more  stable  against  erosion  and  transfer,  than 
Flatiaum. 

I 
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Contacts  aade  of  tungsten  ace  not  welded,  they  do  not 
yield  to  abrasion  and  provide  very  large  service  life  with 

high  voltages  and  inductive  loads  (with  current  of  up  to 

3-5 

Hain  disadvantage  in  the  tungsten  is  its  susceptibility 
of  ataospheric  corrosion  with  the  foraation/education  of 
oxide  and  sulfide  filas;  therefore  contacts  of  the  tungsten 
have  high  contact  resistance  and  reguire  large  contact 

pressures  (aore  than  40-60  cj) , especially  with  low  voltages. 
Soaetiaes  is  observed  failure  of  tungsten  contacts  after 
their  prolonged  stay  under  conditions  of  huaidity  and 

effects  of  vapors  of  phenol,  f oraaldehyde,  aaaonia  and  other 
substances  as  a result  of  the  intense  corrosion  of 
tungsten. 

Contacts  aade  of  tungsten  cannct  be  riveted  directly  to 
springs,  they  preliainarily  are  soldered  or  are  welded  on 
to  steel  or  the  copper  "leg'*  which  then  is  riveted  to 
spring.  The  iapurities  by  tungsten  aust  not  exceed 


DOC  - 780  12431 


PAGE 

/#9 

0.2-0. 5o/o-  More  durable  and  sore  wear-resistant  are  machined 
(with  longitudinal  filaaent)  contacts,  they  give  also  sore 
constant  contact  resistance  than  die-forge/staaped. 


Holybdenua  has  saaller  hardness  than  tungsten  and  lower 
ainiasa  arc  current,  oiides  of  aolybdenua  fora  loose 
residue/settling,  as  a result  of  which  the  conductivity  of 
contacts  can  suddenly  be  destroyed.  For  protection  against 
the  f or aation/educat ion  of  nonconducting  filas  the  contacts 
froa  tungsten  and  aolybdenua  one  should  place  in  vacuua, 
pure  hydrogen  or  pure/clean  nitrogen. 


Large  wear 

resistance 

with  the  load 

of  0.3/1  * 160 

and 

very  large 

service  lives  (10*  cycles) 

have  contacts 

froa 

carbide  of 

tungsten 

with  the  saall 

content  of  cobalt 

ip 

* 0.43  oha 

• ■a*/*) 

1 18-14). 

tungsten  and  aolybdenua  due  to 
ataospheric  corrosion  are  unsuitable 
conditions  of  the  tropical  cliaate; 


good 

substitute  of 

tungsten 

is 

the 

to 

tangsten  in  its 

properties. 

but 

and 

aore  plastic 

C 

18- 

■21]. 

the  susceptibility  of 
for  operation  under 
under  these  conditions  a 
setal  the  rheniun,  close 
aore  corrosion  resistant 


DOC  - 780 12*31 


P AGE  -rC 

/&' 

Contacts  froa  rheniua  have  lower  contact  resistance 
under  nora«l  conditions;  the  value  of  this 

resistor/resistance  coapar at ively  is  little  affected  after  the 
prolonged  stay  under  conditions  of  the  tropical  clinate  and 
aarine  ataosphere,  and  also  after  heating  at  elevated 
teaperatures  to  1000°C.  However,  the  erosive  stability  of 
rheniua  is  considerably  less  than  tungsten* 

Page  615. 


9 


The  pairs  of 


contacts  froa  different 


aaterials. 


In  vibration  apparatuses  (voltage  regulators*  vibrapacks, 
etc.)  with  the  currents,  which  do  not  exceed  1.2  A,  and 
coaparat ively  saall  pressures  soaetiaea  are  applied  the  pair 
of  contacts  froa  various  aaterials;  for  exaaple*  tungsten 
(on  ainus)  and  silver  (on  plus),  tungsten  and  silver- 
nickel  (S  KUO)  or  nolybdenua-silver.  In  this  case  the  fila 
of  oxides  of  tungsten  is  saturated  with  silver*  which 
considerably  decreases  contact  resistance  and  raises  the 
reliability  of  the  operation  of  contacts.  At  high  currents 
and  considerable  pressures*  is  applied  vapor  carbide 
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tungsten-silver.  Contact  pair  tungsten  (on  sinus)  and  alloy 
palladiua-copper  (*0o/o)  (on  plus)  provides  service  life  to 
3 • 10*  cycles  of  polar  relays  of  type  BP- a sit*  load 

0.09  A -2  x HO  t is  the  telegraph  conditioas/aod e of 
sort  (work  in  t ranssission) . 

h)  Corset  cospos  itions. 


For  the  contacts*  working  under  eitra-heavy  conditions 
long  tine  eith  large  loads  is  necessary  the  Material*  which 
is  characterized  by  large  wear  resistance*  refractoriness*  by 
erosion*  by  a snail  tendency  toward  sticking*  for 
high  electro-  and  by  theraal  conductivity. 

The  coabination  of  all  these  properties  is  not 
encountered  in  contact  netals  and  their  alloys.  it  can  be 
reached  only  in  conpositions  [.18-1,  'l8-8.  18-20*  18-22). 

Coapositions  are  aanufactured  largely  fros  the  Mixtures 
of  two  sot  fuse/alloyed  between  theaselves  coaponents  - the 
nethods  of  cerasic  setal  (powder  Metallurgy),  by  sintering 
the  aixture  of  the  powders  of  aetals  without  the 
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foraat ion/education  of  liquid  phase  with  subsequent  aachining 
(by  forging,  by  rolling,  etc.)  or  pressinq  of  porous 
billets  of  the  powder  of  refractory  wetal  (H,  No)  with 
their  subsequent  saturation  with  sore  low-welting  astal  (Ag, 
Cu). 


The  durability  of  the  coaposition  against  erosion  is 
based  on  what  with  the  eeltinq  of  one  coaponent  it  is 
held  by  capillarity  strengths  in  the  pores  (frane)  of  the 
second  higher- salt inq  coaponent  which  to  the  sane  blocks  th 
welding  of  contacts.  Coapositions,  furtheraore,  do  not  have 
tendency  toward  needle  foraation. 


High- welting  fraae 
but  also  by  carbides, 
since  their  electrical 
principle  a value. 


can  be  foraed  not  only  by  aetals, 
nitrides  and  even  oxides  of  aetals, 
conductivity  does  not  have  in 


In  the  coaposition  of  silver-oxide  of  cadaiua,  the  rol 
high-aelting  that  which  coaprises  plays  cadaiua  oxide. 

Cadaiua  oxide  is  characterized  by  high  electrical 
conductivity,  at  the  teaperatures  of  arc,  it  is 
decoapose/expanded  explosion- like  to  oxygen  and  pairs  of 
cadaiua  (770°C).  This  phenoaenon,  apparently,  exerts  the 


DOC  * 780  12*31 


PAGE 

blowing  out  and  deionizing  action  on  arc.  Furthermore* 
outside  boundary  are  applied  the  coapositions  of 
silver-carbide  of  tungsten*  copper-carbide  of  tungsten,  etc. 

The  physical  properties  of  cerset  coapositions  depend  on 
the  percentage  of  the  content  of  comprising  components. 


Page  616. 

The  content 

of  refractory  metal  in 

compositions 

for  contacts 

largely  is 

within  the  limits  from 

*0  to  85o/o 

through 

weight. 

The  fundamental  parameters  of  coapositions  for  contacts 
are  given  in  'Cable  18-3. 

Composition  silver-nickel  was  developed  for  the  contacts 
of  relay  with  comparatively  small  contact  pressures  of 
instead  of  silver  and  platinum*  unsuitable  with  large  loads 
(it  is  aore  2-3/}-)  as  a result  of  large  erosion  and 
melding.  In  the  especially  critical  cases  for  the 
azception/eliainaticn  of  welding*  is  applied  the  pair  of 
contacts  froa  coapositions  silver-nickel  and  silver-graphite. 
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Coaposition  silver-nickel  (SV40,  SH30)  is  characterized 

by  saall  hardness,  large  plasticity  (easily  it  is  processed 
and  is  extracted  in  the  fora  of  sire)  and  saall  contact 
resistance:  however  it  is  less  stable  against  erosion,  than 
the  coaposition  SNO  and  ST. 

The  coaposition  silver-oxide  of  cadeiua  (SOK12,  SOK  15) 
has  high  electrical  conductivity,  low  contact  resistance  of 
contact  and  snail  hardness  (easily  rolls  and  is  staaped). 


A 


VC* 
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Table  18-3.  physical  paraaeters  of  scm  expositions  for 
contac ts. 


0) 

lUlltK'MOIMHMC 


C!v  epefipo  hiiki'.ii. 
(J'Opofipo  IIUK0.1I. 
QVopof.pOM.KIIOI.  KAAMIIH 
l!*Vepctipo  OKHl'I.  KA.1MIIH 

U'  Vopof'po  oKnrb  noah 
P1'  YopoCipo  KAAMlIH  lIHl.OAk 
(PV.-podpO  HlMI'4'PAN 

m opofipo  H<\1bl)>p«M 
USkVptK"  p,i  uoaiiOaoh 
WJjA-'.opofipo  i p«4>ht 
® o p*6  po-  r p*(j>nT 
^jL>pp6po-H«Ko;ib  rpai)>nT 
{*>  Moab-ao-ibiJipaN 

&?jb-rp**»T 


1 & 

ClVTAH,  % 


CH40 

CH30 
COM2 
co  Kir. 
COM  IP* 
CK22HI 
CB30 

cbso  i 

CB70 
CM  0(10 

i era 
ers 

CH29r3 

MR50 

MB70 

Mrs 


90  10 
77-221 
70  30 
SO  so 

30  -71' 
40  00 
97  3 

88—5 

08-29-3 
SO  .V 
30-70 
85-5 


llh 

b 4 

r = s 

!• 
k E 

s c 

0.032 

40 

i .,023 

ss 

0,027 

42 

0.030 

40 

('.025 

— 

i 0.060 

47. 

- 0.023 

65 

' 0.027 

51 

1 0,035 

70 

0.027 

66 

. ('.024 

22 

j 0.030 

16 

0.030 

— 

0.040 

96 

0,030 

130 

I 0,047 

— 

Key:  (1).  Dssignation.  (2).  Brand.  (3).  exposition.  (4). 

Da ns it y y , g/ca*  are  not  less.  (5).  Resistivity  p#  oh  a X 
Xaa*/e  are  not  lore.  (6).  Lisit  of  strength  rp^  of  kg/aa*- 
(7).  Hardness  on  Brinell  H , kg/aa*,  is  not  less.  (8). 

Silver-nickel.  (9).  Silver-oxide  of  cadniua.  (10). 

Silver-oxide  of  copper.  (11).  Silver-cadaiue-nickel.  (12). 
Silver-tungsten.  (13).  Silver-aoly  bdecua.  (14).  Silver-graphite. 
(15).  Silver-nickel-graphite.  (16).  Copper-tungsten.  (17). 
Copper-graphite. 

FOOTNOTE  1.  Instead  of  S0M8.  ENDF00TN0TE. 
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Contacts  froa 

SO  X 12 

and 

SOK 15  are 

aanuf actured 

with 

diameter 

froa 

5 to 

12 

aa 

for  loads  froa 

10  to 

100 

with 

large 

loads 

the  y 

several 

tiaes 

are  aore 

stable 

than 

cont 

acts  from 

silver. 

The  compositions  of  silver-molybdenum  and  silver-tungsten 
arc  more  stable  against  erosion,  tut  have  considerably 
greater  hardness  and  require  greater  contact  pressures  than 
compositions  SH  and  SOK.  Silver-aolybdenua  (SNO60)  has  lover 
electrical  resistance  and  aore  easily  is  processed,  than 
silver-tungsten  (Sf70) . contacts  froa  the  composition  SNO  are 
aost  suitable  for  a work  with  low  voltages  and  neutral 
currents,  while  contacts  of  sv  better  aaintain/withs tand  work 
with  aore  high  voltages. 
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Contacts  from  the  composition  of  silver-oxide  o'*  copper 

SOBIO  Kith  high  currents  are  aore  stable  against  erosion 
and  corrosion,  than  contacts  froa  SOK15. 


The  uniforaity  of  properties  and  stability  to  erosion 
of  contacts  froa  coapositions  depends  on  the  value  of 
grains  of  powders;  therefore  the  diaaeter  of  grains  oust 
not  exceed  20-30  m.  Especially  finely  dispersed  nixtures  are 
obtained  during  the  restoration/reduction  of  precipitated 
tungstenate  or  aolybdenate  of  silver. 


Coaaon/genera 1/total  disadvantages  of  all  coapositions  is 
the  lowered/reduced  electrical  conductivity,  in  consequence  of 
which  one  should  apply  thea  in  the  fora  of  the  laainae, 
soldered  on  to  copper  or  steel  foundations. 


18-5.  Size/diaens ions  and  the  fora  of  contacts.  Distance 
between  contacts. 


Depending  on  the  fora  of  contact  contact  surfaces,  are 
divided  into  point,  planar  and  linear. 


i 
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To  point  contacts  they  are  related: 

f 1 at/plane-acute/s harp  and  spherical#  to  planar  ~ cylindrical 
and  brush  (froa  the  packet  of  plates)#  while  to  linear  - 
roller  and  having  the  fora  of  cylinder  - plane. 

If  contacts  work  in  the  range  of  saall  power  (1  < 

I0),  then  occurs  erosion  of  contacts  only  froa  the  action 
of  spark.  In  these  cases  are  applied  aost  frequently  point 
contacts#  cone-  plane#  heaisphere-plane  or  two  heaispheres  by 


diaaeter 

to  2 

aa. 

In  this 

case# 

the 

cone 

or  heaisphere  is 

connected 

with 

the 

positive 

pole 

of  current 

source.  Erosion 

gives  on 

the 

flat 

surface 

of 

cathode 

pr o nine nce/pro tube ranees 

(needles)  # 

and 

on 

the  surface 

of 

the 

anode 

of  pocket 

(craters). 


The  contacts  of  flat/plane-acute/sharp  fora  are  applied 
that  aainly,  at  low  contact  pressures. 

At  large  power  (I  > I0)  # are  applied  the  henispheric 
contacts  of  larger  diaaeter  (2-5  aa)  # planar  or  linear 
contac ts. 

The  size/diaensions  of  contacts  depend  on  the  value  of 


t 

J 


coaauted  current#  operating  aode#  required  the  service  life 
and  peraissible  overheating. 
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Page  618. 

fable  18-4  gives  the  tentative  slze/diaensions  of  silver 
contacts  depending  on  the  value  of  prolonged  limiting 
current. 

Por  the  savings  of  precious  aetals,  one  should  apply 
the  clad  (coaposite)  contacts,  which  are  cf  copper 

foundation  and  the  welded-on  to  it  layer  of  silver  or 
gold-nickel  alloy  with  thickness  0.2-0. 5 aa  or  bronze 
foundation  with  the  layer  of  platinua  or  palladium  (or 
their  alloys). 

The  value  of  the  saallest  air  gap  between  dead 
contacts  is  deter ained  by  current  and  voltage  value, 
switched  by  contacts. 


Por  providing  the  greatest  service  life  of  contacts,  it 
is  necessary  that  the  distance  aaong  contacts  would  be  nore 
than  arc  length  with  the  assigned  load  for  this  aaterial 
of  contacts. 


I 
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Kith  low  currents  (is  less  than  10) * the  snail 
distance  between  contacts  is  deterained  by  the  value  of 
operating  stress*  it  is  sore  accurate  by  the  value  of 
testing  voltage  during  checking  of  dielectric  strength  of 
insulation. 

According  to  the  existing  noras  for  electrical 
apparatuses  and  installations  with  operating  voltages  up  to 


60  V testing  voltage  aust 

be 

equal  to 

500  V 

eff.;  with 

operating 

voltages 

froa  60 

to 

250  Y - 

1500  Y 

eff.*  with 

operating 

voltages 

froa  250 

V 

to  500  V 

- 2000 

V eff.  and 

with  the 

voltages 

of  aore 

500 

Y - 2Vp 

♦ 1000 

V. 

However*  in  the  ainiature/saal 1 and  ainiature  relays* 
working  ir  radio-electronic  equipaent#  these  noras  cannot  be 
aaintained*  since  the  distances  between  the  current-carrying 
circuits  of  these  relays  are  very  snail. 


Tafel«  18*4.  Si*e/diaensions  of  contacts. 


0) 

Har|>y.wa  1,  a 

i 

JlaaneTp 

IvOHTHKTa 

(3) 

3uop  mingy 

Bmcot*  mom- 

p)llp«  Jiao  in  ok  paapwac 
UMUI 

ll„.  iU. 

| A,  MM 

TBKTa  h,  MM 

AHftMerp  KoM- 
TttHT.t  dti,  MM 

uaSopu  ' 

A.  ACM 

\ 

'"no  2 | 

1—  2 

0,2  0.4 

0,3  1.0 

2-5 

2 4 

0,4  0,7 

0,6  1,2 



5 io 

3 5 

0,7  1.3 

12  2 2 

10  20 

5 8 

1,3- 1,6 

1,2  2.2 

20  50 

8 14 

1.2  2,2 

5-8 

2(0,8  1.0* 

50  100 

14  20 

1, 2-2,2 

8 15 

2(10  12* 

100  300  { 

20  40 

— 

1.5-  3,0 

15-20 

2(1,2-  1 7* 

300  6(H)  | 

40  60 

I 

1,5  -3,0 

20  -30 

2(1,7-  2,2* 

0)«*  Load  I#  rf.  (2).  Disaster  of  contact  0^  , 

(3) .  Gap  between  contacts  * a,  aa. 

FOOTNOTE  ».  The  gaps  between  contacts  are  given  for 
voltages  of  up  to  30  v direct  current  or  up  to  220  v of 
alternating  current.  ENDFOOTNOTE. 

(4) .  Height/altitude  of  contact  h,  aa.  <5).  With  dual  chain 


cleavage. 

(6). 

the  dianeter  of  contact 

an.  (7).  gaps 

1 A aa. 

(8). 

to. 

Page  619. 
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Siill  and  miniature  relays  with  the 
300  1 operate  alsost  exclusively  In  the 

•■all  power;  therefore  for  these  relay  It 
decrease  the  testing  voltage. 


voltages  of  100- 
anode  circuits  of 
is  possible  to 


The  testing  voltage  of  insulation  of  siniat ure/ssal 1 


relays  under  noraal 

cond itions 

with 

operating 

voltage  of  up 

to  100  v aapl. 

is 

taken  egual 

to 

500  V aapl.  Kith  the 

operating  voltage 

of 

■ore  than 

100 

V aapl.. 

tho  testing 

voltage  is  established  sore  than  3 Vv,  but  it  is  not  less 
than  500  V anpl. 

With  the  increased  humidity  (98o/o  at  ♦40°C)  the 
testing  voltage  is  taken  as  egual  not  less  than  hOo/o  of 
the  value  of  the  testing  voltage  tor  this  type  of  relay 
under  noraal  conditions  (0.8  l'mw). 

Under  conditions  of  the  louered/reduced  ataospheric  air 


pressure  of 

approximately  5 aa 

Hg 

with 

the  voltage  of 

■ore 

than  250  V 

aapl.,  appears  the 

gloving  discharge 

between  the 

contacts  of 

the  open  relays.  Th,e 

testing 

voltage 

of 

inau  lation 

at  ataospheric  pressure 

41  aa 

Hg  aaat 

not 

exceed 

500  V eff. 

at  the  pressure  15 

■ a 

Hg# 

- 300  V 

aff. 

and 

at  a pressure  of  approximately 

5 

aa  Hg 

- 200  V 

eft. 

In 

' 
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Pig.  18-11.  Dependence  curves  of  voltage  with  which  breaks 
down  air  gap  between  two  contacts  of  relay  fron  product  of 

presasre  (in  the  ataosphere)  on  distance  between  these 
contacts  (in  an)  . 

key:  (1).  y.  (2).  tit  i an. 

Page  *20. 

for  the  deteraination  of  saallest  distaace  between 
contacts  Pig.  18-11  gives  tentative  dependence  curves  of  the 

voltage  by  which  breaks  dowa  the  air  gap  between  two 
contacts,  fron  the  product  of  ataospheric  pressure  (in  the 
ataosphere)  on  the  distance  between  contacts  (in  an). 


I 
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Figures  18-12  gives  dependence  curves  of  the  anplitude 
of  breakdown  voltage  froa  the  value  of  ataospheric  pressure 
(in  aa  Hg)  at  the  different  size/diacnsicRs  of  air  gaps, 

constructed  with  the  aid  of  Paschen* s curve.  Rith  the 
testing  voltage  of  500  V eff.  and  at  nornal  ataospheric 
pressure,  breaks  down  the  air  gap  of  approziaately  0.06  an; 
therefore  the  niniaua  clearance  between  contacts  with  I < 

I0  it  suffices  to  have  about  0.1  na.  However,  virtually 
the  value  of  the  testing  voltage  aaong  contacts  lust  be 
1.5-3  tiaes  the  less  than  breakdown;  therefore  the  distance 
aaong  contacts  with  operating  voltage  of  up  to  100  V 

usually  is  accepted  not  less  than  0.15  aa. 

In  the  high  speed,  highly  sensitive  and  polar  relays 
the  aiaiaua  gap  between  contacts  is  necessary  to  decrease 
to  0*05-0.15  aa.  Rith  the  gap  between  the  contacts 
0.04-0.08  aa,  the  testing  voltage  usually  decreases  to  350 
V eff. 


Rith  the  operating  voltage  in  220  V and  low  currents 
(<X0)  the  snail  distance  between  contacts  aust  be  increased 
to  0.5  as. 


Fig.  10-12.  D«p*iteac«  car*M  of  asplitnde  of  brook  down 


voltage  fro*  atmospheric  pressure  wit  b different  values  of 


The  disruptive  ability  of  contacts  grow/rises  with  an 


increase  in  the  distance  between  contacts.  However 


effective  aethod  of  an  increase  in  the  disruptive  ability 
of  contacts  is  the  application/use  of  dual  chain  cleavage 
1.*.  0 the  series  connection  into  the  circuit  of  two 
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contacts*  Is  explained  this  to  the  fact  that  in  the  latter 

case  a cathode  drop  is  doubled,  and  an  arc-strean  voltage 
changes  approxiaately  evenly  on  10-50  M/cm • Figures  18-13 
gives  the  carves  of  the  dependences  of  the  current, 
switched  by  contacts  with  voltage  60  V,  on  air-gap 
clearance  between  contacts  at  single  and  dual  disruptions 

and  different  ataospheric  pressures.  Pros  figure  it  follows 
that  with  the  gap  between  contacts  in  1 nn  the 

introduction  of  dual  disruption  aakes  it  possible  to 
increase  aaxiaua  rupturing  current  fron  * to  *15.5  4.  with  an 

increase  in  altitude  the  liaiting  the  breaking  current  of 
the  contacts  is  decreased. 


ID-6.  Electrical  load  and  the  service  life  of  contacts. 


The  liniting  value  of  circuital  current  of  contacts  is 
deterained  by  the  heating  teaperature,  at  which  begins  a 
decrease  in  the  aechanical  strength  of  the  aaterial  of 
contacts. 

The  teaperature  of  the  overheating  of  the  working 
section  of  contact  surface  (contact  points)  is  dete rained  by 
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the  following  foraula: 

AV*. 

(18-20) 

shore  At/*,  - « wo  It  ago  drop  acroM  the  coat  acta  with  which 
bogins  a decrease  in  the  aechanical  strength  of  aaterial;  j 

p - specific  strength  of  aaterials  in  oha  • cm; 

i 

X - the  coefficient  of  the  theraal  conductivity  of 
aaterial  in  H/ca  • deg. 

flean  teaperature  of  coatacts  is  lower  than  the 
teaperature  of  the  working  section  of  contact  surface;  it 
is  deterained  by  the  power,  isolated  in  contact  with  rated 
carreat,  and  the  heat  enissions  of  contacts.  The  value  of 
aeaa  teaperature  of  contacts  aust  not  exceed  200°C. 


T , 


N Fig.  18-13.  Carved  of  dependences  of  current,  switched  by 

1 1 

contacts  with  voltage  60  v,  on  air-gap  clearance  between 
contacts  at  single  and  dual  disruptions  and  different 
atmospheric  pressures.  1-  single  disruption;  2 - dual 
disruption. 

)\  t u C.  I ) /j  » 


Page  622. 

The  tine  constant  of  heating  the  working  section  of 
contact  surface  (contact  "points)  is  very  snail  (hundredth 
fractions  of  a second);  therefore  the  teaperature  of  the 
working  section  of  contact  surface  sanages  to  follow  the 
changes  in  the  current,  which  occur  during  transient 
processes  in  the  switched  circuit. 


w7W^ 


DOC  - 780 12%31 


tkat  fa 


The  allowed  value  of  the  current  through  the  locked 
contact  is  equal  to: 

/ao0  = (0,5  -+-  0,8)  lafm  = (0,5  -f-0,8)  ^ , (18-21  \ 

where  r,  la  contact  resistance. 

Contact  resistance  increases  with  a decrease  in  the 
contact  pressure;  therefore  allowed  value  of  the  current 
through  the  contact  decreases  during  lowering  in  the  contact 
pressure. 

If  voltage  on  contact  increases  to  AUm,  then  contacts 
are  welded  on  to  each  other.  The  values  of  quantities  At',,, 
and  A U„  for  sone  aaterials  are  given  in  lable  18-5. 

The  greatest  electrical  load  of  contacts  is  determined 
fros  by  aaxinua  volt-aupere  characteristic,  which  is  the 
dependence  between  the  boundary  values  of  the  stress  and 
circuital  current  of  direct  current,  with  which  can  exist 
the  stable  arc  between  contacts. 

ft 

Haxifrua  volt-aapere  characteristics  depend  on  material  of 
contacts,  distance  between  then  and  environsental  conditions 
(coaposition  and  the  gas  pressure  in  environnent)  . 
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Working  volt-aapere  characteristic  of  contacts  is 
obtained  fron  naxinun  by  the  introduction  of  certain  safety 
factor  on  voltage.  With  the  assigned  nagnitude  of  current, 
operating  voltage  is  taken  2-3  tines  of  the  less  breaking 

stress#  received  fron  the  naxinun  characteristic  of  contacts. 

The  pernissible  load  of  contacts  is  sonetines 
characterized  by  the  anoont  of  the  pernissible  disruptted 
power.  However#  this  value  is  not  constant  for  entire  range 

of  currents  and  stresses  of  the  perfornance  characteristic 
of  contacts. 

Figures  10-14  gives  dependence  curves  of  the  value  of 
steady  current  fron  the  greatest  value  of  the  voltage  of 
circuit#  by  which  another  the  arc  goes  out  less  than  after 
0.1  s#  with  the  different  distances  between  contacts  and 
resistive  load  (for  contacts  fron  copper#  silver  and 

conposition  of  silver-oxide  of  cadniun).  These  curves  are 
constructed  by  R.  S.  Kuznetsov  according  to  the  results  of 
the  tests  of  I.  P.  Braolaev  and  R.  S.  Kuznetsov  taking 
iato  account  Hole's  data  £18-4]. 
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Table  18-5.  Haxiaua  voltage  drop  across  contacts. 


7n 

Marepmui 

pr 

1 

® 

auh2.  • 

iepefipo  . . . . 1 

| 0,08-0,10  1 

035 

IBujioto 

1 0.08—0,14 

0.45 

AM  eat 

, 0,09  -0,13 

0.45 

>1l;iaTHHa  .... 

0,22  -0,40  1 

0,7 

'jHojiiafcpax  . . . | 

[ 0,12  -0,25  | 

o a 

Key:  (1).  Material.  (2).  V.  (3).  Silver.  (4).  Gold.  (5). 

Copper.  (6).  Platinua.  (7).  Tungsten- 


Page  623. 

By  dotted  line  are  shown  curves  for  the  case  of  the 

location  of  the  current-conducting  parts*  with  which  the  arc 
can  eaerge  the  gap  between  contacts  and  be  dilate/extended. 

■ith  the  voltage*  which  exceeds  by  10-15o/o  of  values* 
deterained  by  the  curves  of  Pig.  18-14  for  this  current* 
the  friend  between  contacts  it  is  not  disruptted.  The 
curves  of  Fig.  18-14  it  is  possible  to  also  use  in  the 

case  of  the  series  connection  of  two  or  several  contacts; 
in  this  case  to  each  contact  during  interrupting*  cones  the 

I 

line  voltage*  divided  into  the  gap  count  of  circuit. 


j 

j • 
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For  the  coaautation  of  direct  current  with  I >,  1 0 and 

the  woltage  220  V,  and  also  alternating  current  with  the 
voltages  400-700  V one  should  connect  in  series  two 
contacts  (two  disruptive  interval/gaps). 


With 

alternating 

current 

up 

to  5 A, 

the 

voltage  220  V 

and 

to 

frequency  50 

Hz 

the 

arc 

reliably 

is 

disruptted  with 

the 

gap 

between  contacts 

in 

1 

an,  with 

high 

currents  this 

gap 

one 

should  increase 

to 

2-3 

aw. 

the  character  of  electric  arc  with  alternating 
high-frequency  current  approaches  a character  of  direct 
current  arc,  since  at  high  frequency  insufficient  tiae  for 
the  deionization  of  air  gap  during  the  passage  of  the 
current  through  the  zero  value. 


The  service  life  of  the  contacts  of  relay  is 
deternined  that  nainly,  by  their  erosion. 


I 
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Pig.  10-14.  Depandance  curves  of  strength  from  DC  voltage 
with  which  arc  goes  out  with  different  distances  between 
contacts. 


K«y:  (1) 


A 


Page  624. 


Erosion  of  contacts  depends  on  aany  factors,  nasal  y: 


a)  value  and  type  of  load  of  the  contacts  (values  of 
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current  and  voltage,  the  kind  of  the  current*  parameters  of 
the  switched  circuit*  forn  of  the  supply  of  power* 
frequency  of  the  connutation  of  current*  and  so  forth)  ; 


b)  of  size/dinensions*  forn  and  construction  of  contacts 
(single  or  dual  contacts*  the  purity  of  processing  and 
surface  condition  of  contacts  and  so  forth) ; 


c)  the  construction  of  the  nagnetic  and  movable  system 
of  the  relay  (closing  tine  and  interrupting  the  contacts, 
presence  of  inpacts  and  the  fragnent  of  contacts*  pressure 
in  contacts*  the  gaps  between  contacts*  the  value  of  the 
fitting-in  of  contacts); 


* 


d)  of  environnental  conditions  in  which  work  the 
contacts  (tenperatures*  the  hunidities  and  the  chenical  air 
conposition*  presence  and  coaposition  of  dust*  vapors  and  so 
forth) ; 


e)  physicochemical  properties  and  structure  of  the 
■aterial  of  contacts  (melting  point  and  boiling*  the 
hardness*  the  thernal  conductivity*  the  parameters  af  arc 
and  so  forth). 
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The  account  of  the  effect  of  all  these  factors  on 
erosion  of  contacts  is  extreaely  coaplex.  Therefore  at 
present  no  sufficient  precise  analytical  aethods  of  the 
calculation  of  the  value  of  erosion  of  contacts.  The  given 
above  approxiaation  aethods  of  calculation  require  the 
knowledge  of  the  eapirical  coefficients  of  erosion  whose 
value*  obviously*  also  depends  on  all  enuaerated  factors  and 
therefore  it  has  especially  tentative  value.  Purtheraore,  it 
is  necessary  to  consider  that  the  contacts  froa  precious 
aatals  and  their  alloys  with  coapacatively  light  loads  are 
abraded  far  unevenly  on  the  test  section  of  the  surface. 

On  one  of  the  contacts*  usually  is  foraed  fine/thin  needle 
or  outgrowth*  on  other  deepening  or  crater.  Therefore*  after 
deterainiag  analytically  the  space  of  the  worn  and 
transferred  to  another  contact  aaterial*  it  is  not  possible 


to 

find  the 

real 

service  life  of 

contacts* 

which  for  the 

aajority  of 

loads 

is 

Halted  to 

the 

wedging 

of  outgrowth 

in 

crater  or 

to 

its 

sticking  to 

the 

wall 

of  crater. 

By  the  service  life  of  contacts  (ncsinal  service  life), 
apparently*  should  consider  the  nuaber  of  coaaatations 
{functions)*  which  they  can  fulfill  contacts  with  this 
electrical  load  before  the  appearance  of  systeeatic 
(frequently  repeating)  failures,  separate  single  failures 
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(short  duration  failures) aft«r  which  the  contacts  long  work 
exactly,  can  occur  in  the  process  of  the  norsal  operation 
of  relay,  and  on  account  usually  they  are  not  accepted. 


By  the  failure  of  contacts,  generally  is  understood  any 

disturbance/breakdown  of  their  functions,  i.e.,  both 

nonclosing/shorting  of  circuit  as  a result  of  very  high 

contact  resistance  or  the  nonclosing/shortiag  of  contacts 
(failure  of  1 kind)  and  noninterrupting  circuit  due  to  weld 

either  cohesion/coupling  of  contacts,  arcing  between  then  or 
the  breakdown  of  the  insulation  between  ccntacts  (failure  of 
II  kind). 


The  nuaber  of  coanutations,  which  they  can  fulfill 
contacts  to  their  conplete  output  fron  systea  (complete 
failure),  is  called  the  Unit  of  age  of  contacts. 


Description  of  diagran  to  the  account  for  failures  I 
and  for  II  kind  in  contacts  during  their  testing  for 


service  life  is  given  in 


£18-29); 


Erosion  of  contacts  is  caused  by  a large  quantity  of 
factors  whose  part  does  not  depend  on  the  construction  of 
relay;  therefore  the  service  life  of  the  contacts  of  just 


DOC  - 78012031 


P*G*  #/? 


one  type  relay  has  large  spread. 

Page  625. 

If  relay  has  two  or  several  contact  groups,  then  usually 
the  service  life  of  the  different  contact  groups  of  just 
one  spec!  sen/ sasple  of  relay  is  different.  Host  strongly  is 

distinguished  the  service  life  of  the  contacts, 
arrange/located  in  different  series  (for  exanple,  in  the 
loner  and  upper  contact  groups).  Is  different  also  the 
service  life  of  the  closing,  breaking  and  stud  switches  of 
one  and  the  sane  relay  and  one  and  the  sane  contact 
group. 

Therefore  for  obtaining  sufficiently  reliable  data,  it 
is  nscessary  to  sinultaneously  produce  testing  during  just 
one  conditions/node  not  less  than  30-50  contact  groups. 


Figures  18-15  gives  the  differential  distribution  curve 


of  the  service  lives 

of 

the  contacts  of 

relay 

of  the  type 

RBS10  during 

res istive 

load  2 A - 30  V 

(H.  « 

12  3).  Along 

the  axis  of 

ordinates 

is 

deposit/ past poned 

the 

ratio  of  the 

nusber  of  refused  contacts  to  a total  guantity  of  tested 
contacts  (d  is  a value  of  interval)'.  Testing  was  conducted 
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by  the  frequency  of  commutations,  equal  to  5 Hz 
[18-29]. 


From  this 

curve/graph 

it 

follows  that 

the 

dist  ribution 

curve  of  the 

service  life 

of 

contacts  is 

not 

sub3  rdinated 

to  the  noraal  lav  which  is  valid  under  the  condition  of 
the  effect  of  a large  quantity  of  independent  and  equally 
operating  factors.  Consequently , the  action  of  a number  of 
factors  on  the  service  life  of  contacts  is  connected  with 
each  other. 

For  the  determination  of  the  law  of  the  distribution 
of  the  service  life  of  contacts  on  Fig.  18-16  are 
constructed  differential  the  distribution  curves  of  the 
logarithm  of  the  service  life  of  the  contacts  of  the  relay 
of  types  RBS9  and  RBS10  during  the  saae  load.  Experimental 
data  are  deposit/ postponed  by  crosses  and  small  circles. 

From  these  curves  it  follows  that  the  experimental  points 
lie  down  sufficiently  closely  to  the  normal  distribution 
curves  of  the  logarithm  of  service  life,  constructed 
according  to  the  statistical  parameters  of  distribution, 
determined  by  experimental  data. 

Consequently,  the  value  of  the  service  life  of  contacts 
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can  be  characterized  by  two  parameters:  the  distribution 
center  (by  satheaatical  expectation) # which  deteraines  the 
■ost  probable  value  of  service  life,  and  by  the 
root- aean- square  deviation  froa  distribution  center,  which 
characterizes  the  stability  of  service  life. 
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Fig.  18-15. 

Differential 

distribution 

curve 

of  service 

lives 

cf  contacts 

of  relay  of 

type  RES  10 

during 

resistive 

load  2 

A - 30  V. 


Key:  (1).  coaa. 


Page  626. 

For  determining  the  smallest  value  of  the  service  life 


of 

contacts. 

it 

is  possible 

to 

use 

the  simple  rule 

k* 

to 

deteraine 

the 

ainiaua  value 

of 

the  logaritha  of 

the 

service  live 

of 

contacts  by 

for aula 

(mi  tli  out  talcing 

into 

mccomt  of  the  coafideace  limits) : 

igW  — (18-22) 

ahere  lg  I is  an  average  value  of  the  logaritha  of  the 
service  life  s of  the  tested  speciaen/saaples  of  the 
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contact  groups  of  relay;  is  the  root-aean-square 

deviation  of  the  logarithm  of  the  service  life  and  k 
the  quantile  of  noraal  distribution,  which  defines  the 
boundaries  of  the  service  life  within  linits  of  which  is 
found  Po/o  contacts  of  this  type  of  relay. 

The  average  value  of  the  logarithm  of  service  life  is 
deterained  froe  the  following  foraula: 

. (18-23) 

where  N0  ” a quantity  of  tested  contact  groups  and  s - a 
nunber  of  the  speciaen/saaple  of  contact  group. 

The  root-aean-square  deviation  of  the  logaritha  of 
service  life 


_ l/  ,tt  (i*"‘  ****  (18-24) 

\ *7-i • 

Coefficient  k depends  on  value  P through  the  table  of 
tl^e  quantiles  of  noraal  distribution  (for  P * 0.99 

coefficient  k * 2.326,  and  for  P « 0.999  - k » 3.090) 

Cl-31] . 


' • 
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The  laxiaua  value  of  service  life*  possible  for 
(100-P)o/o  to  relay,  eill  be  equal  to: 


()g =*  \gff  + kc+ 


(18-25) 


Fig.  18-16.  Differential  distribution  curves  of  logarithm  ◦£ 
service  life  of  contacts  of  relay  of  types  RBS9  and  RES10 


during  resistive 

load 

2 A- 

30  V: 

a 

relay  of 

type 

RES10 

1 - flooded  by 

epoxy 

resin  (H0 

= 122)  ; 2 - 

with 

rolled 

in  jacket  (N0  * 

83)  ; 

b - 

relay 

of 

type  RES9. 

1 - 

with 

silver  contacts 

“0)  ; 

2 - 

with 

contacts 

f roi 

al  loy 

f IX  - 10  with  load  1A- 

> 

o 

n 

<»o  * 

20)  . 

Key:  (1).  coss. 


Page  627. 

Figures  18-17  gives  the  integral  distribution  curves  of 


the  logarithm  of  the  service  life  of  the  contacts  of  the 
relay  of  the  type  RBS9  and  RES10*  constructed  according  to 

grouped  date  on  logaritkalc-probabilistic  grid. 
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Fig.  18-17.  integral  distribution  curves  cf  logarithm  of 

service  life  of  contacts  of  relay  of  type  RES9  and  RES10 

I - the  type  RES10,  flooded  by  epoxy  resin,  the  load  2 

A- 30  V ( Hq  * 122);  2 - the  type  BES10  with  the  rolled 

in  jacket,  the  load  2A-30V  (N0  = 83);  3 - type  RES9  wi 

silver  contacts,  the  load  2 a-30  W (fl0  * 40)  ; 4 - typ« 

RES9  with  contacts  from  alloy  P1I-10,  load  1 A - 30  V (MQ=20). 

Key:  (1).  comm. 
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(Quantity  of  tested  contact  groups  of  relays  of  the  type 
RBS10,  flooded  by  epoxy  resin,  H0  = 122,  the  rolled  in 

relays  M0  * 83.  fielays  of  the  type  BES9  with  contacts 

fron  silver  M0  * 40  and  with  contacts  froa  alloy  P1I-10 
Ho  31  20)  . 

These  curves  in  practice  differ  little  froa  straight 
lines;  consequently,  the  law  of  logaritha  distribution  of 

service  life  is  close  to  noraal  law,. 

Certain  deviation  froa  straight  line  cn  the  initial 
section  of  curves  is  explained  by  the  presence  of 
specisen/saaples  with  the  reduced  service  life  because  of 
the  concealed/latent  defects  for  randon  reasons. 
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Upper  end  of  the  curves  is  bent  due  to  the  "truncated 

nature"  of  distr ibuticn,  since  tbe  service  life  of  any 

contacts  is  United* 

Table  18-6  gives  corrected  values  of  the  parameters  of 

distribution,  of  the  aost  probable  and  ainiaua  service  lives 
of  types  RES9  and  RES  10  (for  A * 2.33) , obtained  as  a 

result  of  processing  experimental  data. 

From  these  data  it  follows  that  with  the  resistive 

load  2A-30V  the  most  probable  service  life  of  the  contacts 

of  relays  of  the  type  RBS10,  flooded  by  epoxy  resin  (with 

H/H0  = 0.5),  is  equal  to  0.87  • 10s  commutations;  the 
smallest  service  life,  which  can  have  lo/o  of  relay 

(corresponding  P = 0.99  or  B/Ha  * 0.01),  is  equal  to  0.13 

• 10s  commutations  and  maximum  service  life  (possible  in 

lo/o  of  relay)  it  is  equal  to  4.6  • 10*  commutations. 
Consequently,  the  service  life  of  contacts  in  lo/o  of 

relays  of  the  type  RES10,  flooded  by  epoxy  resin,  into  6.7 
less  or  5.3  tines  of  greater  aost  probable  service  life 

(i.e.  the  service  life  of  separate  cootacts  changes  35.4 
tines)-. 

The  rolled  in  relays  of  the  type  RBS10  have 

considerably  smaller  spread 


of  the  service  life  of  contacts. 


J 
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The  aost  probable  service  life  of  the  contacts 
relays  with  the  load  2A-30W  is  equal  to  0.89 


coaautations,  ainiaua  0.31  • 10*  conautatioas  (2.88  tiaes 

less  than  aost  probable)  and  aaxiaun  2 • 105 


coaautations  (2.26  tiaes  of  sore  aost  probable). 


I 
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Table  16-6.  Values  of  the  paraaetecs  of  distribution,  of 
the  aost  probable  and  ainiaua  service  lives  of  relay. 


0) 

(A) 

1 & 

1 

frf  ^CpOH  cJiy»<6ia 

^ HOMMVTaOMfl 

MaTepua- 

9 

1 $ 
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Thu  pejie 

Jlbl  KOH- 
TXKTUB 

bv 

ta 

1 

bC  ^ i 

JE 

N • 105  1 

t 

®— " 1 

C>  * ' 

i 

6C 

■Vins  ' 

P3C9 

1 

l 

6,44 

0,292 

I 1 

1 4,5 

5.76 

! 27.6 

5.75 

P3C9 

Cp-999 

2 

5.68 

0.225 

; 4,0 

5.16 

4.8 

1.45 

<\P3CiO 

^ (3aJIHTO 

mmo 

2 

4,94 

0,356 

7,2 

4,11 

0,87 

0,13 

CMOJIOH) . . 

P3C10  (aa-LV#> 

II  Jill-10 

2 

4,95 

0,199 1 

4,0 

4,49 

0,89 

0,31 

BaatnoBaao) 

I 

1 

1 

Key:  (1).  Type  of  relay.  (2| . aaterials  of  contacts.  (3). 

Load  I*  /f,  l1*).  Service  life  of  coaautations.  (5).  it  is 
flooded  by  resin.  (6).  it  is  rolln. 


Page  629. 

Consequently*  failure  of  filling  by  epoxy  re$in  of  the 
jacket  of  relay  of  the  type  RES10  did  not  change  the  aost 
probable  service  life  of  contacts*  but  it  nade  it  possible 
it  to  stabilize*  as  a result  of  which  siniaua  service  life 
increased  alaost  2.5  tines. 

The  aost  probable  service  life  of  the  contacts  of 
relay  of  the  type  RES9  with  contacts  froa  alloy  Pli-IO 


V 


>" 
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with  resistive  load  1A-30T  is  equal  to  2>76  • 10* 

coaautations # ainiaua  5.7S  • 10s  coaautations  (4.8  tines 

less  than  aost  probable)  and  aaxinun  6.9  • 10s 

coaautations  (2.5  tines  of  aore  aost  probable),  service  life 
changes  12  tines. 

The  aost  probable  service  life  of  relay  of  the  type 
RES9  with  contacts  fron  silver  (Sr  999)  with  the  resistive 
load  2A-30V  is  egual  to  4.8  • 10s  coaautations#  ainiaua 

1. 45*10'’  COmffloTalionv  ( 3- 3 times  less  than  the  most  probable) 

- ■ R , 

and  the  maximum  9. 7*10  commutations  (2.02  times  of  more  most 
probable).  Service  life  changes  6.68  times. 

Thus#  with  the  resistive  load  2A-30?  the  aost  probable 
service  life  of  the  contacts  of  relay  of  the  type  RES9 
(of  silver)  is  5.5  tines  aore  than  the  contacts  of  relay 

of  the  type  RES  10  (froa  alloy  P1I-10),  the  ainiaua  service 
life  of  the  contacts  of  relay  of  the  type  RES9  4.7 
11.2  tines  of  the  aore  than  contacts  of  relay  of  the  type 
RES10* 

Figures  18-18  and  18-19  shows  differential  the 
distribution  curves  of  the  logaritha  of  the  service  life  of 
contacts  (P1I-10)  of  the  relay  of  types  BES9  and  RES10 
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(flooded  epoxy  resin)  during  different  resistive  loads  (1, 

2,  3r  4 and  5 A)  and  the  voltage  30-32  V. 

On  these  curve/graphs  of  the  axis  of  the  abscissas  of 

the  differential  distribution  curves,  are  arrange/located  on 
the  vertical  lines,  drawn  at  distances  fros  each  other, 
proportional  to  the  logarithms  of  the  corresponding  currents 
of  the  load  of  contacts.  Through  points  on  these  vertical 

lines,  which  correspond  to  the  aost  probable  and  aininue 

service  lives  of  contacts  with  these  currents,  are  carried 

out  straight  lines  1 and  2,  that  show  that  with  increase 

of  the  current  of  load  the  service  life  of  contacts 

decreases. 

These  straight  lines  are  to  the  dependence  of  the 

service  life  of  the  contacts  of  relay  against  the  values 

of  conauted  current  on  logarithmic  scale  at  the  voltage 
30-32  V and  to  resistive  load.  Consequently,  within  the 

limits  of  current  load  from  1 to  5 A they  can  be 

approximated  by  the  foraalm  of  the  following  fora: 

(18-26) 

where  ft  - a service  life  of  the  contacts  of  relay  with 

current  into  1A  and  the  voltage  30  V,  I amperage  and  a 

- the  slope  tangent  of  straight  line  to  the  axis  of  abscissas. 

The  values  of  quantities  N1  and  for  minimum,  most  probable 
and  maximum  service  lives  are  given  in  Table  18-7. 


■103 
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Pig.  18-1 8.  Differential  the  distribution 
carves  of  the  logarithm  of  the  service  life  of  the 
contacts  of  relay  of  the  type  RES9  during  different  active 
loads  and  voltage  of  30-32  V. 


Key:  (1).  Conn. 

pig.  18-19.  Differential  the  distribution  carves  of  the 
logarithn  of  the  service  life  of  the  contacts  of  relay  of 
the  type  BES10  during  different  resistive  loads  and  voltage 
30-32  v. 


Con 
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Figures  18-20  gives  the  curves  of  the  dependences  of 
the  ainiaua,  most  probable  and  aaxiaua  service  lives  of  the 
contacts  of  the  relay  of  types  RES9  (froa  silver)  and 
RES10  (of  PLI-10) , flooded  by  epoxy  resin  on  the  aaount  of 
the  switched  power  at  resistive  loads,  constructed  according 
to  test  data  of  relay  at  voltage  of  30  V. 


Froa  these  curves  it  follows  that  within  the  liaits  of 
the  active  load  of  contacts  froa  30  to  150  » the  service 

life  of  the  contacts  of  relay  can  be  expressed  as  follows: 

(18-27) 


where  NQ 

— 

a coefficient;  its 

value 

is 

equal  to  the 

service 

life 

, which  they  would 

have 

contacts  of  relay 

with 

load  in 

1 

w,  if  the  dependence  of 

the 

service  life 

of 

contacts 

on 

section  froa  1 to 

30  W 

was 

rectilinea  r. 

P - 

power  in 

H 

and  8 a slope 

tangent 

of 

straight  line 

to 

the  axis 

of 

abscissas. 
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Table  18-7.  Values  of  quantities  «#  M1#  p and  N0  for 

relay  of  types  HS9  and  RBS10. 


(l)  Twn  |«jit 

pact  FDCIO  , 

pact  p;«cto 

U 

1 1 *1 

1 

i p : 

N“  | 

MMHMMn.ll.HWik  \ 

■ HCpOHTUWil^  ' 

naKcnMa.ii.Hwt  ' 

2,0 
2.5 
2.5  1 

5.8  10*  0.52  10' 

27  10*  4.7  10* 

80  10*  14  10' 

2.0  l 

2.5 : 
2,5 

5,2  10'  4.5  10 

IS  10“  2.0  10* 
42  10“  7,8  10" 

K«y:  (1).  Type  of  relay.  (2).  Service  life.  (3).  niniaua, 

(4).  sost  probable.  (5).  aaxiaua. 


>f  the  ainiaua,  average 
saxiaus  service  lives  of  the  contacts  of  the  relay  of 

types  RBS9  and  BBS10  fron  the  ascunt  of  the  snitched 

power.  1 - aiainua  service  life;  2 - average  life;  3 
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Miim  service  life;  relay  of  the  type  BBS9 ; - - - 

relay  of  the  type  BBS10. 


Key:  (1).  Coaa.  (2).  8. 
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The  values  of  quantities  Ns  and  p for  ainiaua,  most 
probable  and  aaxiaun  service  lives  of  the  contacts  of  the 
relay  of  types  BES9  and  BES10  arc  given  in  table  18-7. 


Proa  data  given  in  this  table,  it  follows  that  the 
ainiaaa  service  life  of  the  coatacts  of  relay  of  the  type 
BSS9  with  silver  contacts  with  resistive  load  inversely 
proportional  to  the  square  switched  power  and  within  Units 
froa  30  to  150  U can  be  deter ained  by  the  following 
appcoxiaation  for aula: 


5,2- 10* 

P» 


coaautatioas, 


a the  aost  probable  service  life  of  contacts  of  relay  of 
the  type  BBS  9 within  these  Units  of  power  can  be 
expressed  the  equation: 
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•Vep^  pt>  » —yjr-  (18-2H) 

Poraulas  (18-28)  and  (18-29)  ace  obtained  with  resistive 
loads  fcoa  30  to  150  V and  voltages  of  approziaately  30 
v;  with  other  voltages  the  character  of  erosion  of 
contacts,  obviously,  will  change  which,  of  course,  will  be 
reflected  in  the  service  life  of  contacts. 


The  greatest  deviations  fros  the  calculated  value  of 
service  life,  obviously,  one  should  expect  for  high  currents 
and  the  voltages  with  which  the  arc  is  pot  disruptted 
(with  this  gap  between  contacts). 

The  tests,  carried  out  on  relay  of  the  type  RES10, 


showed  that 

with  resistive 

loads  0.3  t 

a and  0.5  a 

and 

voltage  2 50 

v aost  probable  value  of 

the  service 

life 

of 

contacts  is 

placed  well  on 

curves  in 

the  points  i 

of  Fig. 

18-  7C,  which 

correspond  to 

power  75  and  125  H.  With 

cur/env.  0.7 

a and  voltage 

250  v,  the 

ainiaua  service 

life 

of  contacts 

falls  to  100 

coaautations 

as  a result 

of 

the 

destruction 

of  then  by  axe 

• 

8ith  light  loads  the 

service  life 

of  contacts 

is 

United  to 

the  abrasion  of 

the  aoving 

eleaents  of 

the 

f 
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relay  and  contacts;  therefore  life  curves  of  contacts  after 
5*10*-1»10*  cosautations  begin  to  be  bent. 


The  analysis  of  the  reasons  for  the  failures  of 
contacts  fron  alloy  pll-10  on  the  relay  of  types  RES9, 
etc.  showed  that  about  90o/o  of  all  failures  appears  as  a 
result  of  noninterrupting  contacts  due  to  the  wedging  of 


outgrowths  one 

of 

electrode 

in  the  crater 

of 

another  or 

due  to  welding 

of 

contacts. 

Exception  are 

the 

contacts  of 

relay  of  the  type  RBS10  which  with  resistive  load  1 are 

30  v of  distance  only  65o/o  of  failures  on  noninterrupting 

of  contacts.  Is  explained  this,  apparently  to  the  fact  that 
the  contacts  of  relay  of  the  type  RBS9,  with  which 
decreases  the  value  of  outgrowths  or  break  needles. 

For  an  increase  in  the  service  life  of  contacts,  it 

is  necessary  to  find  wear-resistant  contact  materials  with 
saaller  tendency  toward  needle  foreaticn. 

Page  633. 

Vith  inductive  load  the  service  life  of  contacts 


4 


sharply  decreases,  since  increases  duration  of  arcing  and 
the  energy,  isolated  on  contacts.  The  latter  depends  on  the 
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aaount  of  the  switched  power,  tine  constant  of  circuit  and 
eddy  current  losses  in  the  switched  aagnetic  systea. 


The  noainal  value  of  coaauted  current  with  inductive 
load  (r  = 0.07  s)  aust  be  two  or  three  tiaes  less  than 
with  resistive  load. 


Hith  an  increase  in  the  aabient  teaperature  froa  +20 
to  +(100- 125)  °C  service  life  of  the  contacts  of  airtight 
relays  decreases  on  the  average  twc  or  three  tiaes  as  a 
result  of  an  increase  in  the  concentration  of  the  organic 
vapors,  isolated  by  insulation.  At  the  lowered/reduced 
ataospheric  pressure  is  facilitated  the  ionization  and  is 
iapeded  the  recoabination  of  particles  due  to  an  increase 
in  the  Man  free  path  of  electrons.  The  process  of 
sputtering  of  aaterial  of  contacts  is  aaplified,  which  also 
facilitates  ionization  and  the  aaintenance  of  the  specific 
density  of  positive  space  charge  in  zone  about  cathode.  The 
latter  contributes  to  an  increase  in  electron  eaission  of 
cathode. 


A change  in  the  conditions  of  arc  extinction  is  led 
to  an  increase  in  the  quantity  of  electricity,  passing 


through  the  arc  and  to  an  increase  in  the  energy 


wh  ich 


I 
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is  isolated  in  arc  with  an  increase  in  the  height/altitude 
in  the  process  of  disruption. 

At  altitude  30  ka,  the  value  of  the  current,  switched 
ty  contacts,  decreases  approxisatel  y two  tines  (ft,  £j-17j. 

18-7.  Special  constructions  of  contacts. 

Recently  receive  wide  acceptance  the  high  speed 
(instantaneous)  contacts  of  drain  action  - nicros  witches.  In 


these 

construe tions 

with 

an  increase 

in 

the 

effort/force 

aore 

than  certain 

va  lue 

the  contact 

by 

jump 

passes  of  one 

position  to  another.  Contacts  are  silver,  pressure  in 

contact  of  approxiaa tel y 40  g.  The  wear  of  the  contacts  of 
drain  action  as  a result  of  high  rate  of  disruption  is 
considerably  less  than  usual  contacts'.  This  aakes  it 
possible  to  increase  the  values  of  the  disruptted  power  of 

the  contacts  of  drain  action  approximately  10  tines,  to 
1200  volt-anperes  with  voltage  220  V and  service  life  to 
5*10*  functions.  However,  virtually  the  service  life  of  the 
high  speed  contacts  does  not  exceed  10*  functions. 
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For  a commutation  at  a high  speed  of  the  circuits  of 
high  voltage  to  30-50  kV  at  small  driving  power  and  with 
snail  gaps  between  contacts,  are  applied  vacuum  contacts. 


The 

dielectric  strength 

in 

vacuum  contacts 

reac  hes 

100-200 

kV/mm 

(theoretically 

to 

600  kV/mm)  instead  of 

approximately 

10  kV/mm  in 

usual 

contacts  with 

gap  0.1 

and  at 

normal 

atmospheric 

pressure. 

Page  634. 

lith  fine  vacuum  (10~*-10~*  mm  Hg)  the  arc  lasts  very 

short  time  (rapidly  it  is  disrupted)  , it  has  low  energy 
and  evaporates  the  insignificant  part  of  the  metal  of 

contacts.  This  is  explained  by  the  cooling  effect  with 

instantaneous  evaporation  of  the  metal  of  contact  point  and 
a very  rapid  increase  of  the  space  pair  in  vacuum. 

Therefore  vacuum  contacts  allow/assume  high  current 
denisties,  are  not  welded  I MET  [99sp04  - Institute  of 

Metallurgy  im.  A.  A.  Baykov]  considerably  larger  service 
life  (with  current  to  10  service  life  more  than  10* 

functions,  with  currents  from  10  to  100  (3  - more  than  10* 
©«  fis-h}. 


functions) 


r ~,w  " 
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the  short  interrupting  tise  of  arc  (less  than  10  ps) 
causes  in  inductive  circuits  large  overvoltages.  For 

decreasing  overvoltage  in  parallel  to  contact  is  switched  on 
the  condenser/capacitor  0.05  pF  with  resistor/resistance  20 
ohs.  In  vacuus  there  are  no  contasinations,  which  create 
fils  on  contact  surface;  therefore  contacts  have  low  contact 
resistance,  are  not  created  noise  and  reliably  they  work  at 
low  contact  pressures  and  high  freguenciesj 

i 

However,  needle-f orsation  connected  with  the 
forsa tion/education  of  bridges  during  interrupting  of 
contacts,  in  vacuus  is  not  elisinated,  but,  on  the 

contrary,  it  occurs  even  on  such  aetals  which  as  a result 
of  oxidation  in  air  do  not  give  needle~f or nation. 

Mechanical  effort/force  is  transaitted  to  the  slide 
contact  through  the  flexible  netallic  diaphragn,  sealed  in 

in  glass  bulb,  or  aagnetically. 

At  neutral  contact  pressures  for  contacts,  are  applied 


the  tungsten  and  nolybdenun 
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For  the  eliaination  of  corrosion  and  decrease  in  arc 
foraation,  contact  systea  of  relay  soaetiaas  is  placed  in 
the  ataosphere  of  inert  gases  (nitrogen,  hydrogen,  argon  and 

of  the  like).  The  dependence  of  the  relative  power, 
included  by  contacts  without  the  f oraation/education  of  arc 
in  the  ataosphere  of  different  gases,  on  theraal 
conductivity  of  these  gases  is  given  in  table  18-8. 

However,  erosion  of  the  aaterial  of  contacts  it  is 

deterained  not  only  by  a quantity  of  electricity,  which 

passes  during  discharges,  but  also  by  interaction  of  the 
aaterial  of  contacts  with  grey:  by  the  absorption  of  gases, 

by  the  oxidation  and  by  other  reactions,  or  by  the 
physical  nature  of  gases,  by  ionization  pctential,  by 

charge,  by  aass  and  by  ion  aobility,  by  theraal 
conductivity  and  other  properties  whose  totality  does  not 
sake  it  possible  to  establish/install  any  law  governing 
effect  of  gaseous  aediua  for  erosion  of  contacts. 

For  the  disruption  of  large  powers  are  widely  applied 
aercury  contacts  with  the  iaaursed  steel  float-cores  or 

t 

staple  of  rotary  type  (slope  angle  frca  3 to  10°)  . 


For  an  increase  in  the  disruptted  power,  the 
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tank/balloon  is  filled  with  hydrogen  and  the  disruption  of 
current  is  arranged  between  the  parts  of  aercury  column 
(but  not  between  electrode  and  aercury). 

Page  635. 


aercury 

cont  acts 

break 

currents 

to 

10-25  A 

wit  h 

voltages 

with 

respect 

250 

- 120  V 

of 

direct  or 

a Iter  nating 

current. 

The 

service 

life 

of  good 

constructions 

reaches 

(1-2)  «10*  interruptings. 


18-8.  Cos  nutation  of  the  low  levels  of  currents  and 
stresses. 

In  radio- electronic  equipment  and  equipment  for 
coamunication/connection,  frequently  is  encountered  the  need 
for  switching  very  low  currents  (fron  the  hundredths  of 
aicroaaperes  to  dozens  microampere)  and  very  small  voltages 
(from  several  microvolt  to  dozens  millivolt). 

The  circuits  in  which  occur/flow/last  very  low  currents 
with  very  small  voltages,  frequently  call  "dry"  circuits  (N 
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dry  circuits") . 

With  the  coasutation  of  low  levels  of  currents  and 
stresses,  the  reliability  of  contacts  is  usually  less  than 
with  the  coasutation  of  neutral  and  high  currents,  since 
surface  filas,  foraing  as  a result  of  the  cheaical 
interaction  of  the  aetal  of  contacts  with  gases  and  pairs 
of  the  environaent  (fila  of  oxides,  sulfides,  hydrides, 
carbides,  chlorides,  fila  of  organic  origin  and  so  forth), 
with  saall  voltages  not  always  break  down  and  with  low 
currents  do  not  burn  (they  are  Pnot  burned). 

Vith  very  snail  voltages  (nicrovolts)  it  is  necessary 
to  also  consider  effect  theraoelectroaotive  force,  that 
appears  in  the  circuit  of  contacts. 

Conseguently,  the  probability  of  the  short  duration 
failures  (failures)  of  the  contacts,  which  connutate  the  low 
levels  of  currents  and  stresses,  is  considerably  aore  than 
in  the  contacts,  which  conautate  noraal  loads.  Therefore  for 
the  contacts,  switching  ery  low  currents  and  voltage,  it  is 
necessary  to  apply  aaterials  with  ainiaua  chenical  activity 
and  saall  theraoelectroaotive  force  (paired  with  copper). 


I 
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Table  18-8.  Dependence  of  the  power,  disconnect/turned  off 
with oat  arc,  on  the  theraal  coadnctivity  cf  gases. 


( >TiiocnTt',n,nan  Tpn.io- 
pi'no^uucTb 

^ OTUtKUTeAkUaR  M<>m- 

liocTb,  BUK.iK»meM«n 

6ea  nyru  


1.0  I 1.0 


Key:  (1). 


Parameters. 


air.  (4).  nitrogen. 


(5).  oxygen.  (6).  carbonic  acid.  (7).  water  vapors.  (8). 
hydrogen.  (9).  Relative  theraal  conductivity.  (10).  Relative 
power*  disconnect /turned  off  without  arc. 


Page  636. 


X 


($t  is  necessary  to  note  that  with  the  coaautation  of 
low  currents  and  voltages  freguently  occur  the  partial 
(incoaplete)  failures,  with  which  contact  resistance  of 
contacts  has  very  high  value  or  slowly  decreases  froa 
infinite  to  noraal  value. 


The  failures  of  contacts  with  low  currents  and  voltages 
after  one  or  several  closing/shortings  usually  keep  aloof 
and  therefore  they  are  frequently  called  "short  duration 
failures". 


J 


f ’ 
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rigures  18-21  gives  the  distribution  curves  o£  the 

nuaber  of  refused  contact  groups  of  the  relay  of  types 

RBS6,  RRS8,  R KS9 , RES  10  and  8ES15  with  contacts  ftoe  alloy 

pll-10  froa  the  nuaber  of  coaautations  during  switching  of 
current  5 pA  and  voltage  50  aV,  constructed  SINCE  Shteaberg 

and  by  D.  7.  Saevskoy  £l8-30j. 

Along  the  axis  of  ordinates,  is  depcsit/postponed 
relationship  of  the  nuaber  of  refused  contact  groups  a to 
the  total  nuaber  of  tested  contact  groups  H0. 


froa  these  curves 

it 

follows  that 

in  process  of 

10* 

coaautations  only  7o/o 

of 

contact  groups 

cf  rela  y of 

the 

type  RESl 5 not  of  the 

distance  net  of 

one  failure 

(short 

duration  failure) . At 

the 

saae  tine  cf 

relay  of  the 

type 

RBS6  (with  dual  contacts  froa  alloy  pll-10  67o/o  of  contact 
groups  they  worked  saoothly. 


i 


Pig.  18-2 1.  Distribution  curves  of  nunbur  of  refused  contact 


groups  of  rslay  of  types  RBS6,  BBSS,  RBSS,  RBS10  and  RBS1S 
uith  contacts  froa  alloy  pll-10  during  light  loads  (S  pA  - 
SO  n»).  a - n = 1 (failure-free  operation)  ; b - n * 10. 


Key:  (1).  epoxy  resin.  (2).  avalanches.  (3).  Cobb. 


Pig.  18-22.  Dependence  curves  of  relative  guantity  of 
contact  groups,  which  gave  n and  less  than  failures  to  10* 
connutations. 


Be  ys  (1)  Avalanche.  (2).  Epoxy  resin.  (3).  short  duration 


failures. 
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The  angle  of  the  slope  of  the  curves  of  Fig.  18-21 
characterizes  the  rate  of  the  increase  of  the  nuaber  of 
contact  groups,  which  have  short  duration  failures  or  the 

intensity  of  the  onset  of  short  duration  failures  X. 

The  tentative  values  of  quantity  X for  one  conautation 
for  one  contact  group  within  the  liaits  of  10*  coaautations 
are  equal  for  relay  with  contacts  froa  alloy  pll-10  of 
types:  HES6  - 3.9*10"*;  BES8  - 5*10"*;  BES9  - 7*1  0"*; 

BBS10  - 18*10~*;  BES10,  flooded  by  epoxy  resin  - 30*10”* 
and  BES15  22*10"*  of  short  duration  failures  for  one 
conautation. 

For  deterniaing  the  quantity  of  short  duration  failures 


which 

possibly 

of 

the  given  contact  group  of 

the 

different 

types 

of  relay 

in 

Fig.  18-22 

are  constructed 

the 

curves  ol 

the  dependences 

of 

a relative 

quantity  of  contact 

group 

given 

n and  less 

than  short 

duration  failures 

by 

10* 

coaautations 
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Fig.  18-23.  Dependence  curves  of  average  nuaber  of  failures 


to  1 contact 


which  are 


(short  duration  failures) 


group  froa  nuaber  of  connotations 


Key:  (1).  short  duration  failures.  (2).  epoxy  resin.  (3). 

avalanche.  (4) . Cobb. 


. ' ---..--y,  . „ , ,j£ 


; ■ 
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For  explaining  the  reliability  of  operation  with  lew 
currents  and  the  voltages  of  contacts,  prepared  froa 
different  contact  aaterials  SINCE  Shtreaberg,  were  carried 
out  relay  tests  of  types  HES9  and  HES10  with  the  contacts, 
prepared  of  21  different  aaterials  and  the  relay  of  the 
type  HES6  with  contacts  froa  12  different  aaterials. 
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Tig.  13-24.  Dependence  carves  of  average  nuaber  of  short 
duration  failures,  which  are  necessary  to  1 contact  group 
froa  nuaber  of  coaautations  for  relay  of  type  BES1 0 with 
contacts,  prepared  froa  different  aaterials. 


Key:  (1).  short  duration  failures.  (2).  ecu. 
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Figures  18-24  shows  the  curves  of  the  dependences  of 
average  nuaber  it  is  soy-bean,  the  incoaing  to  one  contact 
group  on  nuaber  coaautations  for  relay  of  the  type  BE  SI  0 
with  the  contacts,  prepared  froa  different  aaterials. 

Froa  these  curves  it  follows  that  the  saall  nuaber  of 
short  duration  failures  give  the  contacts  froa  coanercially 
pure  gold  (on  the  average  1 short  duration  failure  on 
2*10*  of  functions)  and  a“ric  jusion  with  nickel  |5o/o)  (9 
it  is  soy-bean  on  2*10*  functions). 

It  is  necessary  to  note  that  in  all  tested  t ypes  of 
relay  occurred  the  single  short  duration  failures,  caused, 
apparently,  as  the  incidence/iapingeaent  between  the  contacts 
of  the  wear  products  of  the  aovable  friction  parts  of  the 
relay  or  extraneous  particles  froa  the  surrounding  contacts 
space. 


coa paratively  saall  guantity  of  short  duration  failures 
noraal  conditions  in  the  absence  of  porous  gases  give 


un  der 
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also  contacts  froa  silver  (5  short  duration  failures  to  10* 
functions  and  140  short  duration  failures  on  2*10*  of 
functions}  . 

A great  quantity  of  short  duration  failures  is  observed 
in  contacts  froa  platinua  and  its  alloys  with  iridiua  (7000 
and  3000  short  duration  failures  to  10*  functions). 


#66 


Contacts  of  palladiua  and  its  alloys  give  soaewhat 
saalier  quantity  of  short  duration  failures,  than  contacts 


of  platinua  and  its  alloys.  -tsabt ' Contact  resistance  of 

the  contacts,  which  coaautate  low  currents  and  voltages, 
also  depends  on  the  naterial  of  contacts. 


Pigures  18-25  gives  the  curves  of  the  dependences  of 
the  contact  resistance  of  the  breaking  contact  of  relays  of 
the  type  RES10  froa  contacts  prepared  froa  different 
aaterials,  on  the  nuaber  of  functions  of  relay. 


;j£  o as  10  is 

Pig-  18-25.  Dependence  curves  of  contact  resistance  of 


z5’Kf  o as  10  is  uu-K)*  o as  w is 


breaking  contact  of  relay  of  type  RES10  with  contacts  froa 


different  aaterials, 


Contacts  of  relay  switched  no  electrical  load,  contact 


resistance  was  aeasured  periodically  with  current  0.  1 


Proa  these  curves  it  follows  that 


zesistor/resistance  of  gold  contacts  changes  within  very  low 


liaits 


the  aaxiaua  value  of  resistance 


of  these  contacts  does  not  exceed  34  aQ  (after  2»  10* 


functions) 


F 
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The  resistor/resistance  cf  silver  contacts  under  noraal 
conditions  has  a little  high  average  value  (froa  19  to  25 

aQ)  and  soaewhat  larger  spread  (froa  13  to  39  aQ) , but 

silver  very  sensitively  to  the  action  of  sulfides  under 
conditions  of  huaidity  (under  the  action  of  hydrogen  sulfide 
silver  is  cover/coated  with  badly/poorly  conducting  sulfide 
filas)  . 

Average  impedance  of  gold-nickel  contacts  varies  froa  19 
to  43  (80)  a Q,  and  the  liaits  of  changes  in  the 

resistor /resistance  of  these  contacts  are  sufficiently  great 
(froa  17  to  97  (202)  aQ). 


The  contact  resistance  of  relays  of  the  type  RES1 0, 

(Cfi) 

prepared  of  palladiua  pit)  s nd  the  alloy  of  platinua  with 
iridiua  (PLI-10)  with  light  loads  is  considerably  aore  than 
gold  and  silver  contacts,  and  it  oscillates  within  very 
large  liaits.  Average  iapedance  of  the  contacts,  prepared 
froa  palladiua  and  alloy  pll-10,  varies  froa  20-30  aQ  to  t 
oha#  but  great  value  of  the  resistor/resistance  of  these 
contacts  reaches  to  12  oha. 
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The  inspection  of  contact  surfaces  under  microscope 
showed  that  after  2«10*  the  coaautatioos  of  current  5 p A 

with  voltage  50  mV  on  the  contact  surfaces,  prepared  froa 
platinua,  palladiua  and  their  alloys  is  foraed  the  powder 
of  dark  color,  which  is  arrange/located  in  the  fora  of 
ring  around  service  platform  of  contact,  aoreover  separate 

granules  of  the  powder  are  scattered  over  entire  contact 

surface.  This  powder  easily  is  rubbed  froa  contact  surface 
leaving  no  traces. 

On  contact  surface,  clearly  is  designated  saall 
area/site  or  the  hole,  which  appears  as  a result  of  the 
abrasion  of  working  contact  surface. 

The  aechanisa  of  the  fornatioo  of  powder  on  the 
contact  surfaces,  prepared  froa  the  materials  of  platinua 

group  thus  far  is  unknown.  They  assuae  that  this  powder  is 
the  products  of  polymerization  of  vapors  of  the  organic 

vapors,  which  are  isolated  froa  insudation  of  relay 
(frame work/body  of  coil,  the  enamel  of  wire  and  the  like)  . 

The  products  of  polyaerization  are  deposited  on  contacts 


in 

the  fora 

of  the 

thin 

filas 

of  high  resistance  which 

the 

work  of 

contacts 

are 

rubbed 

into  powder  at  operating 
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points.  Host  intensely  this  ponder  is  forned  on  the 
contacts  of  airtight  relays  and  relay*  flooded  by  epoxy 
resin*  because  of  the  high  concentration  of  organic  vapors. 

Page  641. 

On  the  contrary*  with  the  opening  of  avalanche  relays 

of  the  types  BBS9  and  FES10  quantity  of  short  duration 
failures  (failures)  of  contacts  considerably  decreased.  The 
snail  defect  level  of  relay  of  the  type  RES6  (with 
contacts  fron  alloy  pll-10)  is  explained  hv  the  presence  of 
dual  contacts  and  detachable  loose  jacket. 

A snail  quantity  of  short  duration  failures  (failures) 

of  an  airtight  relay  of  the  type  BES8,  apparently*  is 

explained  degassif  ication  of  parts  and  by  higher  pressure  in 
contacts. 

It  is  characteristic  that  on  the  contacts,  prepared 
fron  gold  and  its  alloys,  is  observed  the  very  thin  layer 
of  powder*  considerably  saaller  according  to  thickness,  than 
on  platinun  contacts,  but  on  contacts  fron  silver  this 

powder  barely  is  for  wed. 
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i quantity  of  short  duration  failures  (failures)  of 
airtight  relay  with  gold  and  silver  contacts,  on  the 
contrary,  is  sonewhat  less  than  in  the  open  relay, 
apparently,  because  of  the  inpossibility  of  falling  of  dust 
fron  the  surrounding  space. 

It  is  interesting  to  note  that  the  abrasion  of  working 
contact  surface  in  closed  relays  is  less  than  in  those  who 
were  opened.  This  phenomenon  is  explained,  probably  by 
decrease  of  the  coefficient  of  friction  as  a result  of 
fornation  of  polyaer  films  on  contact  surface. 


Uith  an  increase  in  the  ambient  temperature  to 
♦ 4100-125)  °C  average  quantity  of  short  duration  failures  of 

the  gold  and  especially  gold-nickel  contacts  and  palladium 
contacts  increases  considerably  more  than  platinun-i r idiun 
one;;-  At  the  reduced  temperature  (from  -40  to  60°C)  an 

average  quantity  of  short  duration  failures  of  gold-nickel 

and  gold  contacts  considerably  increases,  z of 
platiaua-iridium  and  palladium  contacts,  on  the  contrary. 


& quantity  of  short  duration  failures  of  silver 
contacts  both  with  that  which  was  increased  and  especially 
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at  the  reduced  tenperature  sharply  increases,  apparently,  as 
a result  of  foe  nation  of  sulfide  filns. 

In  the  industrial,  urban  and  rural  atnosphere  that 
9which  most  harnful  comprises,  is  hydrogen  sulfide.  The 
delay  of  contacts  for  48  h into  aean  (concentration  3 
■g/dns)  is  equivalent  to  the  action  nornal  of  urban  or 
industrial  atnosphere  for  5 years.  For  the  conautat ion  of 
lou  currents  and  voltages,  silver  is  unsuitable,  since  it 
under  the  action  of  hydrogen  sulfide  is  cover/coated  with 
the  badly/poorly  conducting  sulfide  filns.  Silver  can  be 
applied  in  voltages  not  less  than  7 V. 

able  18-9  gives  contact  resistance  of  contacts  fros 
different  naterials  to  (Bs),  al^o,  after  their  delay  in  the 
atnosphere  of  hydrogen  sulfide  (A,),  the  breakdown  voltages  of 
plank  (Ea)  and  the  noise  voltage  (£„),  which  appears  on  the 
contacts  of  relay  as  a result  of  the  vibration  of  stand 
autoaatic  telephone  station  with  the  operation  of  selectors 
JJ8-11]. 

Page  642. 


Fron  data  given  in  this  table,  it  follows  that  after 
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the  stay  in  ataosphere  of  hydrogen  sulfide  transient 
resistance  of  contacts  of  gold  and  palladiun  increases  not 
aore  than  by  45o/o,  and  the  breakdown  voltage  of  fila  does 
not  exceed  0.2  at.  Of  silver  contacts  under  analogous 
conditions,  contact  resistance  increases  733  tines,  and  the 
breakdown  voltage  at  a pressure  in  5 G is  equal  to  0.7 

VC 


With  snail  contact  pressures  (to  IS  g)  and  the  service 
life  of  contacts  it  is  not  aore  than  10*  function  for  the 
coanutation  of  low  currents  and  voltages  it  is  expedient  to 
utilise  the  silver  contacts,  galvanically  covered  with  gold 
by  thickness  3-5  p or  by  solid  gold  by  thickness  10  p. 

In  this  case,  it  is  necessary  to  ensure  sufficient 
density,  strength  and  the  purity  of  coating. 

It  is  necessary  to  consider  that  even  the 
application/use  of  gold  contacts  does  not  exclude  the 
possibility  of  short  duration  failures,  since  on  contact 
surface  are  deposited  the  products  of  the  polyaer ix ation  of 
organic  vapors,  and  to  the  operating  points  of  contacts  can 
fall  the  wear  products  of  the  noving  eleeents  of  the 
relay,  dust  and  dirt  particles  froa  the  surrounding  relay 


I 


I 


! 
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•pace.  Furtheraore,  daring  the  production  cf  relay  on 
•orking  contact  surface,  can  be  deposited  the  pairs  of 
oetals  and  flux,  which  are  foraed  with  soldering  or 
victuals  of  contacts,  different  parts  and  the  external 


jacket 

(jacket)  of  relay. 

In  the  presence  of 

huaid 

air 

a nd 

considerable  lowering  in 

the  aabient 

teaperature 

(to 

-40, 

-60°c). 

on  contact  surface 

is  foraed 

the  very 

thin 

layer 

of 

hoarfrost  (the  "icing"  of  contacts) calling  is  certain 
guantitj  of  short  duration  failures  and  failures  of  relay 
(to  several  percentages). 


P1GB  >*" 
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Table  18-9.  Contact  resistance  of  contacts  and  the  breakdown 


voltages  of  fila 


CpWS'9 
BaVM 
IUM.  8 
Mass,  8 

Bi 

Mi 

lit 

CpMSH'O 

3jiH-5 

IlnH-lO 

HaPyr-lO 

n*M-30 

IlflCp-60 


Brand  of  naterial. 


Therefore  for  providing  for  low  resistor/resistance  and 


reliable  work  of  contacts  with  switching  of  low  currents 


it  is  necessary  to  aanufacture  relay  under 


conditions  of  the  exceptional  purity,  observed  in  the 


production  of  electronic  vacuus  devices,  with  the 


application/use  of  air  conditioning.  All  parts  of  relay  and 
especially  contact  systea  aust  be  well  degreased,  cleaned 
with  the  aid  of  ultrasonic  device  and  they  are  repeatedly 


washed  in  the  distilled  water  fron  the  least  trace 


iapuriti' 
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Contemporary  relays  for  special  radio-electronic  equipment 
usually  have  airtight  perfornance  for  the 
ezcept  ion/eliainat ion  of  the  possibility  of  the 
incidence/iapingeaent  of  dust,  of  huaid  air,  organic  vapors 
and  aggressive  gases.  The  vacuua-tight  sealing/pressurization 
is  provided  by  the  applicat ioa/use  of  leading-out  pins  froa 
Kovar  alloy,  isolate/insulated  by  glass  insulating  beads,  and 
by  soldering  in  the  ataosphere  of  hydrogen  or  argon-arc 
Melding. 


Plastics,  used  for  preparing  the  housing  of  coil  and 


other  parts 

of 

relay. 

and 

also 

the  insulating  sheets  of 

Minding  and 

the 

engael 

of 

vire 

aust  not  during  heating 

isolate  organic  vapors  or  aggressive  gases. 


Before  the  sealing/pressurization  of  relay,  aust  be  veil 
degassed  in  vacuus  theraostat  at  pressure  not  above  10~*  an 
Hg  and  teaperature  ♦170«C  and  are  filled  by  pure/clean 
nitrogen  (aith  the  iapurity/adaizture  of  lOo/o  helium)  dried 
to  the  dev  point  not  above  -65®C.  for  the 
exception/eliainat ion  of  the  possibility  of  the 
incidence/iapingeaent  of  organic  vapors  to  contacts  in  soae 
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contemporary  constructions  of  relay*  is  applied  dual 
sealing/ pressurization*  i.  e.*  the  winding  of  relay  also 
hermetically  insulated  from  contact  system. 

However*  they  most  reliably  switch  low  currents  and  voltage 
the  airtight  magnetically  controlled  contacts  (see  §17-1). 
These  contacts  do  not  have  rubbing  parts*  they  consist  of 
glass  and  metal  and  can  be  degassed  at  higher  temperature 
(to  *400° C)  . 


During  the  commutation  of  the  very  small  voltages 
(microvolt)  it  is  necessary  to  consider  the  effect  of 
thermal  enf*  which  appear  in  the  circuit  of  contacts  as  a 
result  of  the  use  of  different  materials  and  different 
temperature  of  the  individual  sections  of  this  circuit.  The 
greatest  difference  in  the  temperatures  is  observed  usually 
upon  the  connect ion/inclusi on  of  the  winding  of  relay. 


For  the  production  of  contact  springs*  are  applied  the 
alloys  from  nonferrous  netals  (white  copper*  bronze  of 
different  brands  and  so  forth)*  leading-*out  pins  of  airtight 
relays  are  manufactured  from  Kovar  alloy*  contacts  - from 
precious  metals  and  jumpers  from  copper.  Pure  platinum  has 
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copper  - 6 pV/deg  (at  ♦20°C),  palladium  - 12  pV/3eg-  Very 
saall  theraoelect roaotive  force  have:  iridi.ua  - 1 Mv/deg, 
rkodiaa  - 0.8  pV/deg  and  gold  - less  than  0.3  pV/deg. 

Page  644. 

Platiqua  fusion  with  2o/o  iridiua  or  with  1. 5o/o  mercury 
possesses  zero  of  ther aoelectroaotive  force  |JL.  £18-93. 


In 

order 

to 

avoid  the  distortion 

of 

the 

suite  hed 

stress. 

value 

t h e raoe  lec  t row  0 ti  ve 

force 

in 

the 

circuit  of 

contacts 

aust 

not 

exceed  several 

percentages 

froa  operating 

voltage,  great  value  theraoelectroaoti ve  force  in  the  circuit 
of  the  contacts  of  relay  of  the  type  BES10  reaches  500 


pV,  relay 

of 

the 

type 

BES9  - 

200  p 

V and 

by  relay  of  the 

type  BBS6 

- 

about 

100 

pV.  Therefore 

the  contacts  of  relay 

of  the  t ype 

BBS  10 

can 

switch 

voltage 

not 

less  than  10  iV, 

relay  of 

the 

type 

RES9 

- it 

is  not 

less 

than  4 nV  and 

relay  BES6 

- 

it  is  not 

less 

than  2 

aV. 

The  saall  value  of  the  current,  switched  by  contacts. 


obviously,  is  deterained  by  the  value  of  the  stray  current 
through  insulation  which  aust  not  exceed  several  percentages 
froa  operating  current.  If  the  aininun  value  of  the 


] 
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insulation  resistance  of  contacts  is  equal  to  10  HQ,  then 
the  resistor/resistance  of  the  switched  load  nust  be  not 
■ore  than  0.5  NQ.  With  voltage  25  v,  the  saall  value  of 
conauted  current  will  be  equal  to  50  pA.  with  voltage  0.5 
v - 1 pA  and  with  10  aV  - 0.02  pA. 

18-9.  Reliability  of  the  operation  of  the  contacts  of  the 
open  relays. 


The  reliability  of  the  work  of  electroaagnetic  relays 
depends  in  essence  on  the  reliability  of  the  action  of 
contact  systea.  On  antoaatic  telephone  station  by 
capacitance/ capacity  into  10000  nunbers  it  is  aounted  froa 
50  to  70  thous.  relays  which  have  to  500  thous.  contacts. 
In  the  establishment  of  connection  between  two  subscribers, 
participate  about  170  contacts.  If  each  of  the  contacts, 
available  on  this  automatic  telephone  station,  will  give 


only 

one 

short 

duration 

failure  (failure) 

in 

10  years  of 

work. 

then 

as 

a result 

daily  at  station 

up 

to  100 

■iscoanections. 

Therefore 

the  contacts  of 

telephone  relays 

aest 

have 

eztreaely  high 

reliability. 
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in  equipaent  for  coaaunication/connecticn,  and  also  in 
aany  equipaent/devices  of  industrial  autoaation  are  applied 
the  largely  open  relays,  which  do  not  have  individual 
dastproof  jackets. 


The  group  detachable  jackets  of  instruaents  or 
block/aodule/units  do  not  have  packing/seals  from  plate 
virtually  do  not  shield  contact  relay  froa  the 
incidence/iapingeaent  of  dust  froa  the  surrounding  space 
(location)  . 


Therefore 

for  providing 

the  reliable 

work 

of  the  open 

relays,  it  is 

necessary 

to 

ensure  the 

large 

pressure  in 

contacts,  sufficient  for 

the 

crushing  of 

the 

dust  particles 

and  providing 

fitting-in 

of 

the  surfaces 

of 

contacts  to 

each  other  in  the  process  of  their  closing/shorting. 

The  fitting-in  of  contacts  contributes  to  the  cleansing 
of  operating  points  froa  dust  and  surface  filas,  and  also 
is  driven  out  the  operating  point  of  contact  froa  the 
point  at  which  occurs  the  disruption  of  current  and  the 

erosion  of  surface. 
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The  path  length  of  the  fitting-in  of  contacts  depends 
on  the  rigidity  of  contact  springs  and  is  approximately 
equal  to: 


* . W 3 /w 

Zu-ytfJT-y-jb-  • (18-30) 

Investigations  shoved  that  vith  an  increase  of  the 
pressure  in  contacts  a quantity  of  short  duration  failures 
decreases.  During  the  tests,  carried  out  in  the  dusty 
ateosphere  to  the  total  nuaber  of  500000  functions  it  was 
observed:  4500  short  duration  failures  on  100  pcs.  of  relay 
at  the  contact  pressure  5 g,  213  short  duration  failures 

at  the  pressure  15  g and  only  2 short  duration  failures 

vith  pressure  of  30  g. 


The  advantage  of  dual 
fact  that  the  probability 
failure  (contaaination)  of 
very  snail  in  conparision 
duration  failure  of  single 


contacts  is  explained  to  the 
of  the  siaultaneous  short  duration 
both  contacts  of  one  pair  is 
vith  the  probability  of  the  short 
contact. 


Investigations  shoved  that 
autosatic  telephone  station  of 
spite  of  decrease  in  pressure 


the  replacenent  on  the 
single  contacts  dual,  in 
on  each  contact,  gives  a 


decrease 

in 

coaaon 

nuaber 

of  short  duraticn  failures 

of  the 

contacts 

of 

exaaple 

10—20 

tines;  therefore  at  present 

alnost 

all  types  of  telephone  relays  hare  dual  contacts. 

figures  18-26  gives  calculated  curves  of  the  dependences 
of  a probable  quantity  of  short  duration  failures  of 
contacts  n to  10*  cycles  (functions)  on  the  value  of 
contact  pressure  for  the  single  and  dual  contacts  of  the 

open  telephone  relays  at  the  connotation  of  low  currents 

and  voltages.  By  solid  line  is  constructed  curve  2 for 
dual  nechanically  not  connected  contacts.  By  dotted  line  is 

shown  curve  for  the  dual  contacts,  arrange/located  on  one 

spring,  split  of  end/lead. 

Fron  these  curves  it  follows  that  the  single  silver 
contacts  of  the  open  telephone  relays  with  contact  pressure 

^ q can  give  to  35  short  duration  failures,  while  at  dual 
contacts  at  the  pressure  10  g on  each  contact  it  is 

possible  to  expect  not  lore  than  3.5  short  duration 
failures  by  10*  cycles  [1.  18-16]. 
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Fig- 

18-26.  Curved  of 

dependences 

of 

probable 

quantity 

short 

duration  failures 

into  work 

of 

contacts 

to  1 0* 

functions  on  value  of  contact  pressure.  1 - single  silver 

contacts;  2 - dual  silver  contacts. 


Key:  (1).  Short  duration  failures.  (2).  g. 


Page  646. 

The  questions  of  the  calculation  of  the  reliability  of 
relay  and  contacts 


are 


presented  above,  into  §1-24, 
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It  is  necessary  to  note  that  under  operating  conditions 

the  cleanup  of  the  unworn  contacts  of  relay  is  unsuitable, 
since  during  cleanup  they  usually  greater  are  soiled  how 
they  are  cleaned.  Dressing  by  file,  by  the  eaery  paper  or 
finishing  daaages  (it  scratches)  it  soils  contact  surface. 

Flushing  by  alcohol  or  carbon  tetrachloride  leaves  coating 
(residue/settling)  on  surface,  and  rub  by  paper  soils  the 
contacts  by  short  filaaents.  Is  allow/assuaed  the  cleanup  of 
the  contacts  only  by  greasy  hardened/teapered  polished  plate 
(aeasuring  probe)  , washed  (degreased)  in  pure/clean  alcohol 
and  by  the  worn  through  dry  pure/clean  suede. 

I 

]j 

The  been  charred,  saoky  and  contaainated  contacts  after 
dressing  and  polishing  aust  be  also  cleared  by  the  steel 
washed  probe,  but  it  is  necessary  to  consider  that  the 
cleaned  contacts  usually  give  nore  short  duration  failures, 

than  new. 

. 

I 

Surface  files  on  the  contacts,  which  conautate  very  low 
currents,  can  be  opened,  snoothly  boosting  on  contacts  of 

I 

up  to  the  onset  of  breakdown. 

_ | 


I 


I 
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For 

the  protection  of 

the  contacts 

of 

relay 

f rom 

are  used 

metal  or 

plastic 

jackets,  moreover 

the 

si  ots 

between 

jacket  and 

foundation  of  relay 

are 

closed 

by 

packing  layers,  they  are  painted  by  color/paint  or  fill 
with  epoxy  resin.  In  soae  constructions  the  edge  of  jacket 
is  condensed  by  neans  of  lapping/rolling. 


However,  this  protection  froa  dust  brings  lore  the  ham 
than  of  benefit.  In  closed  relays  the  wear  (erosion)  of 
contacts  with  noninal  load  and  a quantity  of  short  duration 
failures  with  the  connutation  of  low  currents  and  voltages 
is  considerably  nore  than  in  the  open  relays,  as  a result 
of  the  high  concentration  of  organic  and  water  vapors, 
isolated  by  insulation  during  heating  of  winding. 


Furthermore,  during  fluctuations  of  teaperature  and 
atmospheric  pressure  inside  relay  is  sucked  humid  air,  and 
after  the  connection/inclusion  of  winding  on  contacts  is 
condensed  the  moisture,  which  in  certain  cases  is  led  to 
the  forma tion/education  of  the  water  bridges  between  dead 
contacts.  Under  the  action  of  a potential  difference  between 


contac ts 

in 

water 

, forn 

oxide  of  silver  Agf0 

and 

is 

created 

path 

for 

the  passage  of  current.  The 

products  of 

decomposit ion 

of 

contacts 

under  the  action  of 

the 

pa  ss  i nq 

I 
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current  gradually  dry  - they  are  condensed  and  form  the 
fine/thin  and  brittle  current-conducting  bridge  Mhich  can  be 
retained  long  tine  and  breaks  down  itself  with  inpacts. 


With  the  gap  between  the  contacts  0.6-0. 7 in,  the 
resistor/resistance  of  bridge  is  equal  to  0.4-0. 5 ohn  and 
it  can  withstand  for  a long  tine  current  to  2. 0-2.5  a. 


Page  647. 


High  relative  air  hunidity  within  the  closed  types  of 
relay  is  led  also  to  a sharp  decrease  in  the  insulation 
resistance  and  creates  conditions  for  the  deconposit ion  of 
the  fine/thin  wires  of  winding  as  a result  of  electrolysis 
with  a potential  difference  anong  winding  and  housing  more 
than  50  V. 


During  a considerable  temperature  decrease  of  relay, 
they  reject  due  to  the  "icing"  of  working  contact  surface. 
Therefore  in  sose  types  of  closed  relays  for  an  increase 
in  their  reliability,  it  was  necessary  to  nake  the 
ventilation  windows,  closed  by  three  layers  of  grid  No  0063 
(haviag  7700  cells  on  1 c«*)  for  protection  fron  dust  [1. 
18-29.  article  Gordon  A.  V..  etc.  ]. 


i 
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Considerably  aore  reliable  are  the  contemporary  airtight 
electroaagnetic  relays  during  production  of  which  are  applied 
special  heat-resistant  insulation,  virtually  which  do  not 

isolate  organic  and  water  vapors.  These  relays  have 
vacuua-tight  sealing/pressurization  and  are  filled  by  dry 

inert  gas. 

However,  airtight  relays  have  tore  ccaplex  construction 
and  large  overall  dimensions;  for  their  production  are 
required  special  insulating  and  structural  aaterials, 
technology  of  the  production  of  these  relays  is  very 
coaplex.  Therefore  the  cost/value  of  airtight  electromagnetic 

relays  many  times  is  aore  than  the  open  telephone  relays. 

Recently  in  equipment  for  coaauaicaticn/connection,  begin 
to  be  applied  cheaper  vibrating-reeds  relay,  which  have 
airtight  contacts  (see  §17-1). 


Bad  section. 


I 
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Chapter  Nineteen 

* 

(IET  HODS  OF  SPARK  EXTINGUISHING. 

19-1.  General  information. 

Page  648. 

For  a decrease  in  the  wear  of  contacts  and  increase 
of  the  period  of  their  service  in  circuits  with  reactive 
load,  are  applied  the  spa  rk- quenching  equipnent/devices.  The 
spark- quenching  ducts  usually  consist  of  the 
resistor/resistance  (linear  or  nonlinear)  and  the 
capacitance/capacity,  included  in  parallel  to  load  or 
contacts. 

For  purposes  of  spark  extinguishing,  can  be  used  also 
quadrature  winding  on  the  aagnetic  circuit  of  electromagnet 

-J 
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or  relay. 

The  action  of  the  spark-quenching  ducts  consists  in  the 
fact  that  the  aagnetic  energy,  accumulated  in  circuit,  is 
ex  pend/ consumed  during  interrupting  not  in  the  gap  between 
contacts,  but  in  the  resistor/resistance  of  these  ducts. 

The  identification  of  the  parameters  cf  the 
spark-quenching  ducts  must  be  produced  so  that  the 
overvoltage,  which  appears  on  contacts  at  the  moment  of 
their  interrupting,  would  be  less  than  the  voltage  of  the 
breakdown  of  air  gap  at  given  torque/moment. 

For  an  increase  in  the  service  life,  the  transfer  of 
the  metal  of  contacts  from  the  anode  to  cathode  during 
interrupting  is  must  as  far  as  possible  to  be  compensated 
for  by  the  transfer  in  opposite  direction  during  closing  of 
contacts. 

The  breakdown  voltage  between  the  broken  contacts 
depends  on  the  value  of  air  gap  between  then  and 
atmospheric  pressure.  During  interrupting  between  contacts, 
first  is  formed  the  bridge  which  is  detonated  under  the 
action  of  the  passing  through  it  current;  therefore  the 
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snail  distance  between  contacts  in  the  process  of  their 

interrupting  is  egual  to  the  aaxiaua  length  of  bridge  {/,) 
before  the  blast. 

The  curves  of  the  dependences  of  the  aaxiaun  length  of 

bridges  on  the  current  strength  at  different  atnospheric 

pressures  for  contacts  froa  different  aaterials  are  given  to 

Pig.  18-5. 

With  very  small  air  gaps  (less  than  the  critical 
length  0.01  n)  breakdown  voltage  in  spite  of  Paschen»s 

law#  are  less  than  300  V at  noraal  atmospheric  pressure. 

Page  649. 

por  determining  the  voltage  of  the  breakdown  of  the  very 


saall 

air 

gaps,  which  are 

foraed 

after 

the 

blast 

of  the 

bridges 

between  contacts,  on 

Pig. 

18-6 

are 

given 

dependence 

curves 

of 

breakdown  voltages 

froa 

the 

distance  between 

contacts  froa  different  aaterials  at  different  atnospheric 
pressures. 


With  the  value  of  commuted  current,  are  nore  than  0.35 
A for  contacts  froa  alloy  fll-  10,  more  than  0.9  /\  for 
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contacts  fcoi  alloy  31N-5  and  aore  than  1 A for  silver 

contacts  at  nornal  ataospheric  pressure  the  voltage  of  the 

breakdown  of  niniaun  air  gap  is  equal  about  300  V [18-28]. 

Breakdown  voltage  for  air  gaps  aore  than  0.01  on  can 

be  deterained  by  the  curves  Figs.  18-11  and  18.12. 

Let  us  exaaine  the  basic  concepts  of  spark 

extinguishing  [19-1]. 


19-2.  Spark-guenching  ducts  with  linear  resistor/resistances. 


a.)  tae  connection/inclusion  of  resistor/resistance  in  parallel 
to  the  inductance  of  circuit  (Fig.  19-1). 


Voltage  on  contacts  U£  for  the  torque/aonent  of  tiae, 
directly  following  after  interrupting#  will  be  determined 
froa  the  solution  to  the  equations: 


0 = 7?i-|-L  % + ri  and  UK  = U +ri 
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on  the  condition  that  i = I * U/B  with  t = 0.  Solution 
to  these  equations  gives: 

* + r»  l + r, 

-U+Irt—E-'-U  (1  + -jr  -T-'). 

(19-1) 

Great  voltage  on  contacts  will  be  at  the  first  moment 
after  their  interrupting,  i.e.,  with  t * 0.  At  this  moment 

+ (19-2) 

Por  excluding  the  of  possibility  of  the  appearance  of 
a short-term  discharge  between  contacts,  it  is  necessary 
that  U „ will  be  less  than  the  breakdown  voltage  of  the 
smallest  distance  between  contacts  £/„ p or 

whence  we  find  expression  for  value  deter lination  of  the 
resistor/resistance  of  the  spark-quenching  duct: 


(19-3) 
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Fig-  19-1-  Circuit  diagram  of  resistor/resistance  in  parallel 
with  the  inluctance  of  circuit. 


Page  650. 

If  consecutively  with  the  winding  of  relay  included 
supplementary  resistor/resistance  ra  (Fig.  19-2),  then 


1 ’ 1 [*  + r,<«  + 1 + »,- 


r^-,)l+L-± 
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It  is  necessary  to  note  that  the  connection/inclusion 
of  resistor/resistance  in  parallel  to  winding  increases  the 
releasing  tine  of  relay,  it  leads  to  supplementary  energy 
consumption  and  an  increase  in  the  current,  disrupt  ted  by 
contacts.  In  the  case  of  the  presence  of  supplementary 
resistor/resistance  ra  changes  also  the  tine  delay. 

Condition  of  the  absence  of  arc  discharges 


The  value  of  the  current,  passing  through  contacts,  and 
voltage  on  contacts  at  the  aonent  of  disruption,  obviously, 
are  egual  to: 

< I 


_Uk  _U{R  + r) 
r Jtr 


U,-V[i+^. 


(19-6) 


< 


Substituting  these  values  iK  and  UK  in  expression  for 


— 
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the  lieiting  value  of  the  current  through  the  contact 
(16-15),  we  find : 


or 


r + U-U,<J,r. 


Consequently*  for  the  absence  of  arc  discharge  it  is 
necessary*  in  order  to  the  spark— quenching  resistor/resistance 

(19-7) 

7? 

where  10  and  U0  ate  nininun  values  of  current  and  voltage 
with  which  appears  the  arc  on  contacts  fron  this  material. 

Jt  follows  to  note  that  the  smallest  wear  of  contacts 
occurs  when  the  snail  arc  of  interrupting  is  present, 
necessary  for  the  compensation  for  the  transfer,  produced  by 
liquid  bridges 


F,-j  H-3 


a nd 


short  arc. 


Pig.  19-2 . Circuit  diagram  of  resistor/resistance 
consecutive!  y and  in  parallel  to  the  inductance  of  circuit. 


Fage  651. 


b)  the  application/use  of  quadrature  winding  (Pig*  19-3) . 


If  relay  has  quadrature  winding,  then,  disregarding 
scattering  (•  - 0 and  M*  * L(L2) , we  obtain  for  voltage 
on  contacts  after  their  interrupting  the  following  expression 
[1-9]: 


"--"1 1+irdVt,+'*) 


^ l1 +/HhK  + (/H  r)v*]e  Tl  r ’■ } - 

(19-8) 


In  this  foraula 


_ I-  'k  - 1 

1 * fl+7  ’ ' L “ v ' 


where  H„  and  uR  - inductance,  resistor/resistance  and  the 


turn  number  of  quadrature  winding. 


Great  voltage  on  contacts  after  their  interrupting  will 
be  with  t • 0;  in  this  caae 

trKM  “ U |l  + fl'j/f,,  +(rt  + r)  v*|l  • 

In  the  case  of  the  absence  of  shunt  (r  * -)  the  great 
voltage  on  the  contacts 


c)  eddy-current  effect,  which  appear  in  the  magnetic  circuit 
of  load. 


With  the  disconnection  of  the  circuit  of  the  inductive 
load  of  contacts  (relay,  electroaagnet  or  throttle/c ho he)  in 
its  magnetic  circuit  are  induced  the  eddy  currents,  which 
absorb  certain  part  of  magnetic  energy  and  which  convert  it 


into  heat 
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Therefore  magnetic  circuit  can  be  considered  as 
secondary  quadrature  winding  of  relay*  electromagnet  or 
throttle/choke,  which  has  one  turn  ( w „ = 1). 

Great  of  voltage  on  the  contacts,  which  commutate  relay 
with  quadrature  winding,  according  to  foraula  (19-10),  is 
equal  to: 

where  Hm  — resistor/resistance  to  the  eddy  currents  of  the 
magnetic  circuit  of  relay. 

Virtually  great  voltage  on  contacts  has  high  value, 
since  the  coupling  coefficient  of  winding  and  core  is  less 
than  unity. 


Pig.  19-3.  Diagram  of  spark  extinguishing  with  the 
application/use  of  quadrature  winding. 


r 

f 
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The 

nagnetic 

circuit  of  the 

d— c 

relay 

usually  consists 

of 

three 

parts; 

the 

core,  which 

has 

round 

cross-section. 

the 

housings  and 

the 

araature. 

which 

have 

rectangular  cross 

section. 


The  resistor /resistance  of  these  parts  to  eddy  currents 
is  different;  therefore  the  sagnetic  circuit  of  relay  should 
consider  not  as  one,  but  as  three  independent  quadrature 
windings,  resistive  respectively  Rc,  R^  and  /?„,  and  turn 

nuaber,  equal  to  esity  (wc  — wm p = «>„==  l). 


If  ve  disregard  scattering  nagnetic  flux  along  the 
length  of  nagnetic  circuit,  then  these  three  windings  can 
be  replaced  with  one  equivalent  quadrature  winding  whose 
resistor/resistance  to  eddy  currents  will  be  equal 


Rm 


(19-11  \ 


The  value  of  resistor/resistance  Rn  is  usually  great  in 
coaparisoa  with  Rc  and  rm  p,  and  therefore  value  Rn  can 

be  disregarded. 


ft^  ^ ****"*• 

+ flHop 


(19-lla> 


DOC  - 78012433 


PAGB 


In  this  case 


Let  as  substitute  into  forsula  (ig-11a)  insteal  of 
01  71*1 

/\  and  **  R*  their  value  fros  expressions  (11-15)  and 

(•*■21);  set/assuaing  pt  * p,*  we  obtain: 


Rm 


5,7Sa»,nV, (««  + »■)  5,78*#, + *»)  ,.rt 

alfk  + «V.  " ‘*4  '«*»  + *e  («'+*•)  • (,9'~ 


Consequently*  great  voltage  on  the  contacts*  which 
coaautate  relay  with  circular  core  and  the  housing  of 
rectangular  cross  section*  will  be  equal  to: 

<«>■<* 


If  relay  or  throttls/choks  has  the  laalnated  aaqaetic 
circuit  of  rectangular  cross  section,  assenbled  froa  a large 
quantity  of  plates  of  sheet  steel*  then  the 
resistor/resistance  of  this  aagnetic  circuit  to  eddy 
will  be: 


currents 
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"Here  n is  a oaibar  of  plates  froa  which  is  assembled  the 
■agnatic  circuit  of  relay,  a and  b,  - width  and  tha 
thickness  of  each  plate  of  aagnetic  circuit,  h>  and  /.  — the 


length 

of  core  and 

housings 

of  aagnetic  circuit 

and  b * 

nb| 

thickness  of 

■agnetic 

circuit  (packet  of 

pia  tes)  . 

Page  653. 

Great  voltage  on  the  contacts,  which  coaautate  relay 
with  the  laainated  core  of  rectangular  cross  section. 


''I1  +*,”l,Tcrs]  ■ v ['  + irif+rj*  !•  (««•■ 


In  the  chapter  of  eleventh,  it  is  shown,  that  the 
resistor/resistance  to  the  eddy  currents  of  the  laainated 
core  of  square  section  at  equal  values  pt  - in  n*/2 

tiaes  is  aore  lassive  (nonlaainated). 


■i 


For  a 

noraal  relay  of 

the  type 

HK  N W„,  - 

19.2  10*  oha 

a nd 

«r  5,9  -V, 

while  for  analogous  choke 

with  the 

laaiaated 

core 

of  square 

section  Bade  of 

tranforaer 

steel  by 

this kness 

0. 35  aa 

» 16,710*  oha 

and  u„,  i 

-v  4261  • U, 

ie  | 

are 

722  tiaes 

■ore. 

However,  virtually  the  value  of  the  greatest  voltage  on 

i I 


■ 
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contacts  will  be  Halted  by  the  voltage  cf  the  breakdown 
of  air  gap  between  contacts  at  the  aoaent  of  their 
interrupting  whose  value  depends  on  the  speed  of 
interrupting  contacts.  Usually  the  value  of  this  voltage 
does  not  exceed  1000-1500  V. 

Consequently*  great  voltage  on  the  contacts,  which 
coaautate  throttle/choke  with  the  laninated  core,  will  be 
considerably  wore  than  on  the  contacts,  which  conmutate 
relay  with  nassive  (nonlaninated)  Magnetic  circuit  at  the 

identical  values  of  the  time  constant  of  relay  and 

throttle/choke.  Therefore  contact  tests  of  relay  for  service 

life  (nuaber  of  coaautations)  with  inductive  load,  must  be 
produced  not  on  throttle/choke  with  the  laninated  magnetic 
circuit,  but  on  the  real  load  which  these  contacts  must 
switch  under  nornal  operating  conditions.  If  for  any  reasons 


this  is 

inpossible. 

then 

instead  of  the 

teal 

load  it 

possible 

to  utilize 

its 

equivalent,  which 

has 

analo  gous 

nagnetic 

systen  on 

the 

constant  value  of 

tine 

r a nd 

resistor/resistance  of  nagnetic  circuit  to  eddy  currents  Rm. 


If  relay  has  quadrature  winding,  then  it  is  necessary 
to  deternine  com  mon/general/total  equivalent  resistance  of 
nagnetic  circuit  and  quadrature  winding,  led  to  one  turn: 
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PACg  \*  n+C)  y 


•f 


_ V. 

*mg 


s* 


(19-16) 


Substituting  in  equation  (19-lQa)  instead  of  value  ^ 

fcon  last/1 atter  expression.  we  obtain  for  the  greatest 
voltage  on  the  contacts,  which  con.utate  relay  with 
quadrature  winding,  the  nore  exact  expression,  which 
considers  eddy-current  effect: 

— Cffl  (19-17) 

Page  654. 

For  excluding  the  possibility  of  the  appearance  of  a 
short-tera  pulsed  discharge  between  contacts,  it  is 
necessary,  in  order  to 

UBtZ.C',, 

whence 

(19-tSS 

If  the  breakdown  voltage  between  contacts  is  equal  to  300 
V and  the  voltage  of  battery  is  equal  tc  60  V,  then  6 v< 
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To  Pig.  19-4,  are  given  dependence  curves  of  value  B 
for  relay  of  the  type  RKH  froa  the  height/altitude  of 


quadrature 

winding  when 

0.543 

(wire 

by  diaa  eter  0.  1 

aa  of  the 

brand  PEL) 

and  = 1 

(red 

copper 

t ube)  . 

Their  these 

curves  it 

follows  that 

at  quadrature 

winding  by 

he  ig  ht  0.  5 

aa  value  B 

- 4-14,  and 

at  the 

copper 

tube  of 

the  same  height/altitude  B = 3.3S. 

It  is  necessary  to  note  that  quadrature  winding,  just 
as  the  in  parallel  connected  resistor/resistance,  slows  down 
the  releasing  tiae  of  relay,  aoreover  the  value  of  this 
retarding/deceleration/delay  in  both  cases,  according  to 
foraulas  (11-36)  and  (11.37a),  is  ap  prox  iaately  identical. 

d)  the  connection/inclusion  of  resistor/resistance  in  parallel 
to  contacts  (Fig.  19-5). 

Voltage  Um  on  contacts  will  be  deterained  from  the 
equations: 


i 1 
M 


ft 
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U=*Ri+Ljt+ri  and  U„  = ri. 

Under  the  initial  conditions  i * U/R  = I0  and  t 
obtain  Cor  Um  the  following  expression: 


(19-19) 


= 0t  we 


r v 

. V 

l*+7 

+ R 

U + r)*  J 

, Rr  f,  , r — t\ 

= /»R+7lI+Re  1 )• 


At  the  first  torque/aonent  after  interrupting  with  t - 
0,  we  find: 
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height/altitude  of  quadrature  winding  for  relay  of  the  type 
BKM  with  hjj  = j — *3k“  0,543;  * — *«k  — o,66;  * — *w— 


Page  655. 


Por  the  limitation  of  voltage  on  contacts,  the  value 
of  resist or /resist a nee  r must  be 


(19-20) 


On  the  other  hand*  for  providing  the  reliable 
re lease/ten per ing  of  the  relay 

r^^~koraR,  (19-21) 


I 
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where  A,  — the  relay  reset  coef£icieot  and 


the  safety  factor  for  release/teapering. 


Resetting  ratio  of  electroaagaetic  relay  is  usually 


saall.  If 


accept  A-.  ^ 0,1  and  A,„ 


then  during 


resistor/resistance  r < 18R  relay  will  not  release. 


19-3.  Nonlinear  seaiconductor  resistor/resistances  (varistors). 


The  nonlinear  syaaetrical  seaiconductor 
resistor/resistances  the  value  of  resistor/resistance  of  which 
does  not  depend  on  direction  of  flow,  are  called  varistors 
(19-3#  19-4,  19-5],  (Seaiconductor  rectifiers  are  the 

asyaaetric  nonlinear  resistance) . 


Syaaetrical  nonlinear  resistance  change  the  value  of 


Therefore  for  purposes  of  spark  extinguishing,  it  is 
profitable  to  apply  nonlinear  resistance. 
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their  res  istor/resistance  depending  on  the  voltage  of 
electric  field  and  has  comparatively  saall  temperature 
coefficient. 

The  nonlinear  symmetrical  resistor/resistances,  which 
considerably  change  the  value  of  their  resistor/resi st ance 
during  tenperature  change*  are  called  thermistors 
(theraistors) . 

Theraistors  possess  the  sufficiently  large  inertness  of 

their  parameters*  and  varistors  with  saall  currents  are 
virtually  inertia- free. 

The  resistor/resistance  of  the  varistor*  connected  in 
parallel  to  the  winding  of  relay  with  ncainal  supply 

voltage*  is  usually  sufficiently  great*  but  after 
interrupting  of  circuit*  it  autoaat ically  decreases  with  the 

increase  of  voltage  on  its  terainal/9tippers*  limiting  the 

value  of  overvoltage  on  contacts.  Therefore  varistor  consumes 
in  static  behavior  very  small  power  and  considerably  lower 
slows  down  the  operating  tine  of  relay  than  the  linear 
spark-quenching  resistor/resistance. 
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Pig.  19-5.  Circuit  diagram  of  resistor/resistance  in  parallel 
to  contacts. 


Page  656. 

Varistors  ace  Manufactured  froa  semiconductors  on  the 
base  of  carbide  of  silicon  (carbor  undua)  and  ceranic  binder. 

As  fundaaental  ran  Material  for  the  production  of 
varistors  serves  at  present  technical  carbide  of  silicon 

( "to.  c*s  Vo  of  Si  and  29.955o/o  of  C)  • 

For  providing  the  stable  parameters  of  the 
resistor/resistance  of  grain  of  carbide  of  silicon,  it  is 
necessary  to  fasten  by  binder  (clay,  ultraporcelain, 

low-melting  glass,  eater  glass,  silicone  resin  or  varnish). 
The  Material  with  clay  binder,  subjected  to  prolonged  firing 
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with  1200 °C*  will  be  called  naae  tyrite;  with  binder  froa 
water  glass*  long  treated  with  heat  at  300®c  - vylite  and 

with  the  ultraporcelain  binder*  fired  by  pulse  aethod 
(aethod  of  theraal  shock)  at  1400-1700®C  - letin. 

For  high-voltage  autovalve  lightnings-arrestor  usually  are 
applied  the  tyrite,  vylite  and  territe  (density  3.2  g/caJ)  , 
wl^ile  for  low-voltage  varistors  - carbide  of  silicon  with 
ceraaic  binder*  developed  under  nanageaent/aanual  Prof.  v.  v. 
Pasynkov  (LBTI) • 

The  detailed  inforaation  about  the  varistors*  produced 
by  industry,  is  given  in  the  literature  [19-3]. 

For  the  circuits  of  autoaation*  the  varistors  are 

aanufactured  usually  in  the  fora  of  wafers  with  diameter  10 
and  15  aa  by  thickness  1-3  aa.  Lead  wires  are  soldered  to 
their  lateral  sides*  copper-plated.  Their  weight  with  respect 
0.5  and  1.7  g.  The  photograph  of  varistors  for  spark 
extinguishing  is  given  to  Fig.  19-6. 

For  spark  extinguishing  in  the  diagraas  of  autonatic 
telephone  station  are  aanufactured  variators  of  the  type  NPS 
of  diaaeters  15  aa.  They  are  released  for  the  protection 


-—jr 
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of  inductive  circuits  with  operating  currents  30,  60,  75, 

100,  150  and  200  nA  with  voltage  60  V.  iith  noninal 

voltage  (60  V)  these  varistors  consune  with  respect  to 
0*45;  0.9;  1.125;  1.5;  2.25  and  3.0  nA  (tolerance  t20o/o)  . 
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Ply.  1*-4.  Varistors  for  spark  extiagvishing . 

Page  657. 

For  high  voltages  and  currents,  ate  aanufactured 
shielding  vylite  resistor/resistances  by  diaaeter  75,  100  and 

150  aa  by  thickness  20-50  an. 

To  Fig.  19-7,  are  given  dependence  curves  of  the 


teaperature 

of 

the 

overheat inq 

of 

var  istors 

iron  the  aaount 

of  power 

input. 

Proa  these  curves 

it  follows 

that  the 

teaperature 

of 

the 

overheating 

of 

var  istor 

by 

diaaeter  15 

aa  at  power  in  1 H is  equal  approxiaately  56°C.  The 
teaperature  specific  resistance  of  varistors  is  negative  and 
with  a constant  value  of  current  equal  to 


0.002  to  1®C 
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To  Pig.  18- 

8 were  given  curved 

of  the 

dependences  of 

current  on  the 

value  of  the  applied 

voltage 

for 

t he 

different  types 

of  varistors  and  curved  of 

the 

depen  dence 

of  the  resistor/resistance  of  varistor 

Mo  4 

on 

the  current 

strength.  These 

curves  on  logarithaic 

scale 

are 

vir  tual ly 

straight  lines  and,  therefore,  can  be  approximated  by  the 
following  foraulas: 


r ~ V""*  and  (18-22) 

whore  Uo  is  the  constant  of  varistor  whose  value  is  equal 

to  the  voltage  with  current  into  1 Ai 

a is  a slope  tangent  direct/straight  lg  r = f(lg  i) 

to  the  axis  of  abscissas; 

P » (1  - a)  is  an  index  of  the  nonlinearity  of 

resistor/resistance,  equal  to  the  slope  tangent 
direct/straight  lg  U * f(lg  i) . 

pros  expression  (19-22)  for  U we  find: 
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PI9.  19-7.  Dependence  cucTts  of  the 
overheating  of  varistors  fros  power 
varistor  10  aa  thickness  2 as;  2 
15  aa  thickness  3 aa. 


t«aperature  of  the 
input.  1 - diameter  of 

disaster  of  varistor 


Kay:  (1).  W. 


Pays  658. 

The  value  of  coefficient  u0  depends  cn  size/di mensions, 
the  composition  of  materials  and  technology  of  the 
production  of  varistor. 


4 


t 
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For  the  varistors  of  just  one  composition,  prepared 
fron  uniforn  naterial  on  one  end  the  sane  technology,  value 

(19-24i 

where  u0l  is  the  specific  value  of  the  constant  of 
varistor,  which  depends  cn  aaterial  and  nuaerically  egual  to 
voltage  on  speci aen/sanple  by  size/diaension  1 x 1 x 1 cn 


(1  cn») 

with 

current 

through 

it 

into 

1 a,  h - the 

thickness 

of 

var istor 

in  cn 

and 

s - 

the  area  of  its 

cross  section  in  cn2. 


The  value  of  the  index  of  nonlinearity  0 is  dete rained 
only  by  technology  of  production  and  is  found  usually 
within  Units  fron  0.17  to  0.67,  while  the  value  of 
percentage  distortion  y,  correspondingly,  within  Units  fron 
1. 5 to  6. 
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20  30  50  #0  300300  500 


extinguishing.  1,  2,  3 


thickness  1 


thickness  3 ta 


kilooha 


19—4.  Spark-guenching  ducts  with  linear  resistor/cesi stances 
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a.)  the  connection/inclusion  of  varistor  in  parallel  to 
winding  (Fig-  19-9). 

Opon  the  connection/inclusion  of  varistor  in  parallel  to 
the  binding  of  relay  great  voltage  on  contacts  during 

their  interrupting  nust  he  less  than  the  voltage  of  the 
breakdown  V„P  of  the  aininue  air  gap  between  the  contacts; 

(•  km  — vg/*  -t  t nr*  (19-25) 

where  I is  conservative  value  of  circuital  current  of  the 
vindiag  of  relay. 


Voltage  on  varistor  at  the  first  torque/aonent  after 
interrupting  of  contacts  with  i * I will  be  equal  to: 
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During  the  steady-state  condit icns/aode  in  circuit*  the 
value  of  the  current,  passing  through  varistor  i 2 and  its 
resistor/resistance  ra,  is  determined  by  the  applied  voltage 
and  coefficients  u0  and  0; 


I?  = 


and 


rt  = v?  ' 


If  is 
during  the 


assigned  the  power  P»,  consuaed  by 

steady-state  conditions/node,  then 


varis  tor 


The  aaount  of  power,  consuaed  by  varistor,  usually  does 
not  exceed  1.  5o/o  of  power,  by  the  expendable  winding. 


Substituting 

in 

which  correspond 

to 

contacts  02  and 

«2 

will  obtain  computed 

expression  (19-23)  of 
the  torque/aoaent  of 
for  the  steady-state 
value; 


values  Uj  and  i,, 
interrupting 
conditions/node,  we 

(19-23a) 


where  P 


the  power. 


consuaed 


by  the  winding  of  relay 
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Pig.  19-9. 


9 Li» 


Fig.  19-10. 


Fig.  19-9.  Circuit  diagram  of  varistor  in  parallel  to 
Minding. 


Fig.  19-10.  Circuit  diagram  of  varistor  in  parallel  to 
winding  during  supplementary  resistor/resistance  in  feed 
circuit. 


Page  660. 


On  the  other  hand,  at  it  = 1 a value  Ut  = u0  and 


i« 

"t 


1(7 ° 

_ 8 Un,-V 


whence 


A 


L 
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or  conput 


ed  value  of  value  uQ  will  be  equal  to: 


09-2H 


If  consecutively  in  relay  circuit  included  nupp  lene  ntar  y 
cesistor/resistance  r4  (Pig-  19-10) , then 

l\ H-U!l  -f  -)  + uJ'«zV„v,  (19-27 > 


where 


Conpu  ted 


rt  “ “o‘P  ' '■ 


values  of  coefficients  0 and  u0  in  this  case 


will  be: 


I 
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the  connection/inclusion  of  varistor  in  parallel  to 


contacts  (Pig.  19-11) 


<1M») 


Great  voltage  on  contacts  upon  the  connection/inclusion 
of  varistor  in  parallel  to  the  contacts 


Computed  values  of  coefficients  p sad  u0  in  this  case 


a 

P“T?W 


•*.  - (5)'  - -jf  . 


(19-30) 


where  PM  — the  power,  consumed  by  varistor  and  minding  mith 
dead  contacts. 
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c)  the  connection/inc lusi cn  of  rectifier  in  parallel  to 


minding  |Fig.  19-12). 


If  consecutively  with  the  winding  of  relay  included 
supplementary  res  ist  or/ resist®  nee  r,  (Pig.  19-13),  then 
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Effective  current,  passing  through  t he  rectifier. 


/. 


-v\nzT~~. 

-TfV  m*T-r-+r;y 
(1JW2) 


where 

L is 

i nductance 

of  the  winding  of 

relay,  r 

- the 

tine 

constant 

of 

the 

circuit  of  arc  extinguishing 

and  T 

tine 

between 

two 

consecutive  interruptings 

of  contar 

ts. 

Therefore 

the 

rated 

current  to 

which 

is  designed 

the 

rectifier  /„, 

aua  t 

be  not 

less  than 

val  ue 

It  tine 

T is 

aore 

than  500  r. 

then 

value  V, 

will  be 

less  than  one 

t hirt ieth 

part  of  the 

coi  1 

current  of 

tela  y 

(0/30R)  . 

Spark*- quenching  ducts  with  resistor/resistance  and 
capacitance/capacity. 


Upon  the  connection/inclusion  of  resistor/resistance  and 


-« 


1 
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capacitor  in  pacallal  to  contacts  frig.  19-14)  the  voltage  i\ 
on  contacts  is  deterained  as  a result  of  the  solution  to 
the  differential  equations: 

and 

“ ir  + *■  ( irf/. 

1 M J 


Solving  these  equations,  we  find: 

t'.  = tf{l+vM[^-l)ch*/  + (19-33' 


where 


b 


* + r 

nr 


a >.•( 


1 


1 


*1  aperiodic  process  ^*> 


if  k is  real  value,  then  in  circuit  passes  at  periodic 


process.  In  this  case  the  voltage  has  aaiinun  value  at  the 
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first  tor que/Boae n t after  interrupting  of  contacts. 

For  the  exception/eliaination  of  the  fornation/education 
of  spark  discharge  the  value  of  the  resistor/resistance 


(19-34) 


V 

R 


i 


I 


Fly*  19-14.  Circuit  diagram  of  resistor/resistance  and 


capacitance/capacity  in  parallel  to  contacts. 


Page  661. 

During  the  critical  aperiodic  process 

bt  = JL  _ <*  + !>' 
u„  —or  • 


whence 

AL 


Substituting  in  last/latter  expression  for  r its  value 


fro*  equation  (19-34) , we  obtain: 
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b)  oscillating  process  ^tk) 


If  fc  is  the  iaaginary  value,  then  in 

oscillating  process  and  voltage  on  contacts 
determined  by  the  following  expression: 


circuit 
will  be 


r„-r{t  + f M|  ' - 1 cos  wM  JH  f ^ sin  CD/ 1 } , 


( 1 9-33a ) 


where 


0)  = 


b • . 


occ  urs 


tor  deternining  the  greatest  value  of  voltage  on 
contacts  (value  of  the  first  aaxisua)  froi  expression 
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r 

I; 

* 


PhGB 


<19-3Ja)  it  is  necessary 
through  which  the  stress 


to  pre lininanl y find  the  tiwe 
level  will  be  achieved  u xiaui 


This  tiwe  we  find  fro*  condition  - 0;  we  have: 

% 

(19-36) 

where 


and 


x 


w 


1 


(If  x > 0,  then  the  first  will  be  aaxinam,  and  if  x 
0,  then  the  first  will  be  ninieun). 


In  the  case  when  r * 8,  expression  for  (/„  will 
the  following  fora: 

V K=r{l+e  z'  t)]sinw<}-  (f»-37) 

Page  664. 

pros  this  expression  it  follows  that  for  the 
except ion/eliai nat ion  of  boosting  on  contacts  it  is 
necessary,  in  order  to  capacitance  of  the  capacitor 


take 


J 
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Voltage  on  contacts  will  be  achieved  the  naxinun 
through  tine  tu  = . Fornula  (19-38)  eith  the  snail  voltages 

of  battery  gives  the  large  values  of  capac itance/ca paci ty ; 
therefore  usually  is  allou/assuaed  boosting  on  contacts  of 
up  to  f’nP.  For  rise  tine  of  voltage  on  contacts  of  up 
to  naxinun  value,  the  distance  between  contacts  increases, 
since  after  interrupting  contacts  continue  to  diverge  f ron 
the  definite  speed.  Therefore  for  the  onset  of  the 
short-tera  pulsed  discharge  anong  contacts,  usually  is 
required  voltage  nore  than  300  V. 

c)  the  identification  of  the  paraneters  of  the 
spark-quenching  duct  at  oscillating  process. 

For  facilitation  and  accelerating  the  selection  of  the 
capacitance/capacity  of  condenser/capacitor  c,  and  of 
resistor/resistance  r of  the  spark-quenching  duct  during 
oscillating  process  to  Figs.  19-15  and  19-16,  are  given 


f 


wr 


■ 


DOC  « 78012433 


PAGE  & f ' > 


auxiliary  curves. 


These  curves  are: 

1)  the  dependence  of  values  ■ f cob  x at  the 

different  values  of  n ratio  of  liaiting  stress  on 

contacts  t/mme  to  supply  voltage  u and 

2)  the  dependence  of  the  relative  tiae  of  the  onset 

of  the  aaxiaua  of  voltage  6 froa  value  x at  different 

values  of  a [19-2]. 

Values  ■,  x , a and  9 designate: 

CZ*  hd  6 — jr  tH.  (19-39) 

clearly  expressed  ainiauas, 
value  of  capacitance/capacity 

at  optiaun  values  xOOT.  The  optiaus  value  of  value  *«n 

is  equal  to: 

Xo«t  = 3 B ■ (19-40) 

If  is  known  curve  to  the  dependence  of  the  distance 


cKW»  r 

m — , x = j i n 


U, 


The  curves  Fig.  19-15  have 
which  correspond  to  the  ainiaua 


between  contacts  during  their  interrupting  froa  tiae. 


t hen 
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paraaeter  deteraination  of  spark-extinguishing  duct  with  the 
aid  of  the  auxiliary  curves  Figs.  19-15  and  19-16  is 
conducted  by  the  aethod  successive  conducting  of. 
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Fig.  19-16.  Curved  of  the  dependences  of  relative  tine  0 
on  coefficients  x and  a. 

Page  666. 

Re  are  assigned  first  bj  voltage  UHkHC  = Uu  end  ve 
deteraine  value  n.  Rith  the  aid  of  foraula  (19-40)  we 
calculate  a value  x,  through  the  curves  Fig.  19-15  we  find 

value  a and  then  on  the  curves  Fig'.  19-16  we  obtain  value 

0.  Knowing  value  0,  we  find  fron  foraula  (19-39)  the  tiae 
through  which  the  voltage  on  contacts  reaches  naxiaua.  On 

dependence  curve  of  the  distance  between  contacts  during 
their  interrupting  froa  tiae,  we  find  air-gap  clearance 

between  the  contacts  through  tiae  tM  and  through  the  curves 
Fig.  18-11  take  the  appropriate  value  of  breakdown  voltage 


If  breakdown  voltage  Unp  is  note  than  U*,  then  we  are 
assigned  by  interaediate  quantity  UM<^UullKC<^Uas)  and 

repeat  calculation,  while  value  Uni  will  be  nore  than 
on  10—20  V. 


The  paraneters  of  the  spa rk-guenching  duct  we  find  with 
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the  aid  of  the  following  formulas: 

(\  =»  m w end  r ont  =»  x0nt  /f. 

(19-4!) 

On  the  initial  section  of  dependence  curves  of  the 
distance  between  contacts  during  their  interrupting  from 
tine,  it  is  possible  to  accept  the  velocity  of  constant; 
then 

A„  - vl  f (19-42) 

the  snail  value  of  the  velocity  of  the  disagreenent  of  the 
circuit  closing  contacts  of  noraal  relays  of  the  type  RPN 
is  approx inately  equal  to  0.013  m/s,  and  which  break  — 

0-036  n/s. 

if  the  law  of  the  notion  of  the  contacts  of  relay 
during  their  interrupting  is  unknown,  then  the  parameters  of 
spark-extinguishing  duct  (in  the  case  of  oscillating  process) 
can  be  tentatively  determined  with  the  aid  of  the  curves 
Pig.  19-15,  assuming  that  the  contacts  diverge  slowly  and 
through  tins  tu  the  distance  between  contacts  is  equal  to 


- J 

the  length 

- — m 

of  bridge 

In  thin  cane 

valae  a « 

".p 

V ' 1 

ca lculated 

capacitance 

of 

capacitor  will 

be  core 

than 

the  first 


case. 
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To  Pig.  19-17, 
of  aediua  altitude 
of  the  type  RPN  on 
different  aethods  of 
constructed  according 
Shtreaberg. 


are  given  the  curves  of  the  dependences 
of  outgrowths  on  the  contacts  of  relay 
the  value  of  coaauted  current  at  the 
spark  extinguishing  and  voltage  60  V, 
to  the  results  of  investigations  T 


. 1 

Pig.  19-17.  Curved  of  the  dependences  of  the  height/altitude 

of  outgrowths  on  the  contacts  of  relay  of  the  type  R PN  on 
the  current  strength  at  the  different  net  hods  of  spark 

extinguishing.  1 - without  spark  extinguishing  (3*10* 

cycles);  2 - spark  extinguishing  with  the  aid  of  varistor 

(20«10*  cycles);  3 - spark  extinguishing  with  the  aid  of 


duct  RC  (20*10*  cycles).  Solid  lines  is  eediua  altitude  of 
outgrowths;  broken  - the  greatest  height/altitude  of 
outgrowths. 


Key:  (1).  ml. 


Page  667, 


I 


r 


I p * 
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The  value  of  the 

dianeter 

of  craters  and 

bases  of 

outgrowths  on  contacts 

does 

not  in  practice 

depend  on 

current  (within  liaits 

f roa 

40  to  200  aA) 

and 

varies  from 

0.6  to  1.3  an.  By 

dotted 

line  are  shown 

the 

curves  of 

the  greatest  values 

of 

the 

height/ altitude 

of 

outgr  owths 

on 

contacts.  The  load 

of 

contacts  inductive  - 

the 

win  ding 

of 

relay  of  the  type 

H FN 

(tine  constant  0.015 

s) 

. Proa  these 

curves  it  follows 

that 

the 

spark  extinguishing 

with  the 

aid 

of  varistor  considerably 

decreases  the  wear 

of 

cont  acts. 

In  load  80  nA  and  the  absence  of  spark  extinguishing, 
aediua  altitude  of  outgrowths  on  contacts  after  3*1 0* 
functions  is  equal  to  0.3  an  (aaxiaua  - 0.5  an),  but  the 

dianeter  of  crater  and  outgrowths  0.6-1. 3 an.  During  the 
use  of  a varistor  as  spark  extinguisher,  aediua  altitude  of 


outgrpwth 

(with 

the 

sane 

load)  after 

2000*  functions  does 

not 

exceed 

0.09 

an. 

but 

the  dianeter 

of  crater  is  within 

the 

liaits 

froa 

0.8 

to 

1.  1 an. 

Spark  extinguishing  with  the  aid  of  duct  RC „ with  the 
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and  the  saaller  diaaeter  of  crater  (0.6-0.‘8  aa) . 

Due  to  the  complexity  of  the  phenomena,  which  occur 

during  closing/shorting  and  interrupting  of  contacts,  a 
precise  aethod  of  the  calculation  of  the  optiaua  parameters 
of  the  spark-quenching  ducts  is  not  still  developed. 
Therefore  the  paraaeters  of  the  spar k-guenching  ducts, 
obtained  by  calculation,  aust  be  refined  experiaenta lly 
(testing  for  service  life). 

Brosion  of  contacts  is  determined  by  the  resultant 
action  of  the  arc  of  interrupting  and  spark,  the  which 
give  transfer  on  the  anode,  and  also  liguid  bridges  and 
the  short  arcs,  which  give  the  transfer  in  opposite 
direction  from  the  anode  to  cathode. 

The  size/dinensions  of  erosion  depend  on  the  values  of 

current,  voltage,  inductance,  and  the  capacitance/capacity  of 
circuit,  naterial  of  contacts,  their  surface  condition,  the 
velocity  of  closing/shorting  and  interrupting,  bouncing  of 
contacts  and  env ironaental  conditions. 

The  capacitance/capacity,  connected  in  parallel  to 
contacts,  decreases  the  erosion  during  interrupting  of 
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contacts  and  increases  erosion  during  closing/shorting. 

Changing  capacitance  values  and  resistor/resistance  in 
the  circuit  of  the  spark-quenching  duct,  it  is  possible  to 
find  the  conditions/eode  during  which  the  transfer  of  the 
■eta  1 of  contacts  to  both  sides  will  be  approxinat ely 
identical.  In  this  case  the  wear  of  contacts  will  have 
least  value. 

In  the  absence  of  spark  extinguishing*  the  amplitude  of 
overvoltage  on  contacts  depends  on  the  self-capacitance  of 
winding*  connected  in  the  circuit  of  contacts. 

The  self-capacitance  of  winding  can  be  considerably 
increased  artificially. 

For  this,  the  winding  is  coiled  siaultaneously  by  two 


parallel 

wires  (into  two  filanents)  and 

consists 

of 

two 

identical 

windings,  moreover  end/lead  of 

one 

of 

the  ■ 

(first 

winding) 

is  connected  with  the  beginning 

of 

another 

(second 

winding)  . 

i 

Page  668, 
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The  self-capacitance  of  the  wind ing  of  relay  of  the 
type  RPN,  which  is  of  two  series-connected  windings  on  4500 


turns 

of  the  wire 

of  the  brand  PEL 

diaseter  0.13 

an  (r 

2 x 

250  oha) 

is 

within  the  linits 

0.002-0.005  pF. 

After 

the 

saturation 

of 

this  winding  with 

varnish  No  9U7 

the 

self- 

capacitance 

of 

winding  increases 

to  0.005-0.008 

MF. 

19-6.  Arc-arresting  equipeent/devices. 

The  contacts,  intended  for  the  disconnection/cutoff  of 
high  currents,  are  supplied  with  the  arc-arresting 
eg uipaent/de vices  in  the  forn  of  blowout  chaabers,  horns  and 
the  sagnetic  blow-out* 

The  nagnetic  blow-out  consists  of  displaceaent  with  the 
aid  of  the  sagnetic  field  of  the  arc,  which  appears 
between  contacts  and  which  is  "novable  conductor  with 
current**. 

The  forces,  which  operate  on  arc,  oust  be  directed  so 
that  the  arc  noves  upward  and  siaultaneously  it  is 
dilate/extended  into  length. 
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Magnetic  field  is  created  with  the  aid  of  the 
arc-arresting  coils,  included  consecutively  or  in  parallel 
with  the  controlled  circuit. 


The  location  of  the  contact  plane  usually  is  accepted 
vertical,  the  end/leads  of  the  contacts  dilute  in  the  form 
of  horns. 

The  heated  gas  in  the  space  of  arc  rises  upward,  its 
length  rapidly  increases,  which  facilitates  arc  extinction. 


The  contacts,  which  disrupt  high  currents,  are  placed 
in  the  arc-suppression  caaera/chaabers,  nanufactured  froa  a 
i /isnt-asbestos  or  other  analogous  aaterials.  The 
arc-suppression  caaera/chaabers  insulate  arc  froa  adjacent 


contacts 

and  increase  the 

speed 

of 

arc  extinctions.  The 

latter 

is  reached  with  the 

aid 

of 

vertical  slots,  which 

connect 

the  internal  cavity 

of 

the 

caaera/chanber  with 

external  space.  During  the  f oraation/education  of  arc,  appear 
the  intense  airflow,  which  bio*  out  the  arc  through  slots. 
In  this  case,  the  walls  of  slot  cool  arc,  contributing  to 
its  deionization. 
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So.etl...  in  the  caaetn/ckanber  are  arranged  longitudinal 
or  transverse  iron  (copperplated)  partition/baf fles  (the 
so-called  de-ion  grntingsl.  In  thin  case  arc.  being 
in  vol ve/t igh tened  in  slot,  it  is  di.id.d  into  a series  of 
the  separate  series-connected  arcs  ehich  rapidly  go  out  due 
to  an  increase  in  the  cathode  drop  in  arc  (t-2). 


19-7.  Examples. 

1.  Let  us  determine  parameters 
be  imclude/coanected  in  parallel  to 
extinguisher. 

toltage  of  battery  60  V.  eindiag  iepedance  of 
electroaagnet  750  ok.,  the  inductance  of  the  einding  10.8 
H.  noainal  circuital  current  of  einding  0.08  A. 

The  greatest  pereissible  talue  of  oeeteoltage  on 
contacts  ee  take  equal  to  280  V.  Consequently,  great 
voltage  on  variator  at  the  aoaent  of  Interrupting  contacts 


of  varistor  which  ®ust 
aagnet  winding  as  spark 


V 
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V,  -280-80-220*. 
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Power,  consumed  by  magnet  winding. 


P « 0,08*  750-4,8  1. 


The  power,  consumed  by  varistor  with  nominal  voltage, 
we  take  equal  to  1.5o/o  of  the  power  of  the  winding: 


P,  = 0.0015  4.8  - 0.072  W- 


Value  8,  according  to  formula  (19-23a),  is  equal  to: 


a R_leo  1 

lg  4.8  0,072 


The  constant  of  varistor  we  find  with  the  aid  of 


(19-26)  : 


280-60  u 


Prom  Pig.  19-8,  we  find  that  with  current  0.08  /)  the 
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vo ltage 

on  varistors  1, 

2, 

and  3 

will  considerably 

220  V, 

and  on  varistor 

4 - 

0 * 

230  V. 

Host  adequate/approaching  for  our  electroaagnet  will  be 
varistor  4,  which  has  0 = 0-3  and  u0  * 490  V,  since 
varistors  5 and  6 consuae  large  power  with  noainal  voltage 
(60  V). 

The  resistor/resistance  of  varistor  4 at  the  noaent  of 
interrupting  contacts  (with  I = 0-08  1)  is  equal  to  2900 
oha,  and  during  the  steady-state  conditions/node  (with  0 = 

60  V).  - 60000  ohn,  i.e.,  are  20-7  tines,  aore  (1 2 ~ 0.95 

■1). 

Therefore  the  effect  of  varistor  on  the  releasing  tine 
of  electroaagnet  is  considerably  less  than  spark  extinguisher 
with  linear  resistor/resistance. 

Releasing  tiae  of  electroaagnet  without  spark 
extinguisher  10.7  as,  with  varistor  14  as  and  with  linear 
resistor/resistance  (2750  oha)  as  spark  extinguisher  41  ■ s. 

2-  Let  us  deter nine  paraaeters  of  spark-extinguishing 
duct,  connected  in  parallel  to  contacts,  which  conautate 
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circuit  of  winding  of  relay. 


Minding  iapedance  of  relay  500  oha,  inductance  2.5  H, 
the  voltage  of  battery  60  V,  circuital  current  of  the 
winding  0.12  A. 

Hater ial  of  contacts  - silver.  Ataospheric  pressure  760 
aa  Hg. 

i 

Proa  the  curves  Pig.  18-5  we  find  the  aaxiaua  length 
of  the  bridge,  which  is  forned  between  contacts  during 
interrupting,  u •=  0,36-i0~*  ca. 

The  most  probable  value  of  the  breakdown  voltage 
between  silver  contacts  with  distance  0. 36*10-*  cm,  according 
to  curved  Fig.  18-6,  is  equal  to  160  V. 

* | I 

a)  aperiodic  process. 

According  to  foraulas  {19-34)  and  (19-35)  we  find: 

500*1310  oha 

i 

I 
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* ,sil 


and 


C 


M 


4 -2.5  60* 

mrim+w- 


X i(f* 


* 


30 


MF. 


A)  oscillating  process. 


If  the  law  of  the  notion  of  contacts  is  unknown, 
according  to  (19—  393  and  (19-40)  we  obtain: 

*'m~ulmmw!~2'6'7  *nd  »‘«nt-4"“T1'67"1-78- 


then 
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Proa 

the  curves 

of  Fig.  19.16,  we  find 

the  appropriate 

value  of 

a = 0 

. 12. 

With  the  aid  of  foraulas  (19.41) 

we 

ha  ve: 

- »•  £ — 0,12 

2.5 

500*  “ 

1,25-10  • ft*  1,25  M*- 

The 

law  of 

the 

notion  of  contacts  is 

known.  The 

velocity 

of  t he 

disagreement  of  contacts  we 

set/ass  ume 

equal 

to  15  cm/s.  In 

this 

case  we  are  assigned 

by  n * 5 

and 

find  to 

analogou  sly 

preceding/previous  '3L  - .V33 

and  a * 

0.029. 

Froa  the  curves  of  Pig.  19.17,  we  obtain  the  relative 
tine  of  the  onset  of  maximum  0 = 18. 

Tine  we  determine  from  formula  419.39): 

, M-  0,18  • 2,5  „ _ 

" “ H “ 500*  “ “ 0.0009  ( *• 

The  distance  between  the  contacts  after  0.0004  s. 
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PJkGB  f I '/  0 
according  to  (19.42).  will  be  equal  to: 

A1(  - 15  ■ 0,0009  + 0.000036  - 0,00139  CM  - 0.0139  ju. 

Pro.  the  carm  of  Pig.  18.11.  *•  breakdown 

voltage  £i.n  - volts. 

In  this  case  of  n * 380/60  * 6-3,  i-e.,  that  .ore 

accepted  during  calculation  (n  * 5). 

He  are  assigned  by  value  n * 5.6  and  repeat 

calculation. 

He  obtain: 

# -=*  3, 74;  m - 0,018;  0 — 0,1 18;  /„  = 0,00059  S J 

Ah  ■«  0,0093  am;  - 330  . y)  = 5.  S 


The  para.eters  of  spark-extinguishing  duct  we  find  with 
the  aid  of  foc.ulas  (19.41): 

C„  — 0,018  j~  «•  0,18- 10  « 18  pP  and  '-8,74-500  — 1870  0^'rV 

Thus,  in  the  case  of 

oscillating  process  capacitance  of  capacitor  is  obtained 
considerably  lees  than  in  the  case  of  aperiodic  process. 
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Part  Pour. 


BELAY  OP  THE  INCREASED  PONES. 


Chapter  Twenty 


BELAY  OF  AVERAGE  PONEB. 

20-1-  Relays  of  the  direct  current  of  the  types  R EN 17  and 

BENI  8. 

The  relay  of  a direct  current  of  the  type  RE  N1 7 is 

intended  for  the  commutation  a direct  and  alternating 
circuital  current  of  average  power  with  vcltage  to  250  v. 

The  general  view  of  relay  is  shown  in  Fig.  to  20.1.  Relay 


is 

designed  for 

operation  in 

aokile 

units 

during  changes  in 

the 

aabient  temperature  from 

-50  to 

♦ 50°C* 

relativa 

humidity 

to 

98o/o  (at  20 

♦5®C)  and 

vibration 

with 

frequency 

froa  20 

to 

45  Hz  during 

acceleration 

to  2 g 

. (Belay 

] 
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aaintain/w ithstand s vibration  test  at  frequency  20  Hz  and 
upon  acceleration  4 q). 

A relay  of  the  type  RENl 7 is  developed  by  author  of 

an  instead  of  the  relay  direct  current  of  the  type  HKU-48 

vhich  has  the  heavy  unbalanced  araature  and  it  is 
completely  unsuitable  for  a work  in  aobile  units. 

Furthermore,  a relay  of  the  type  8EN17  has  saaller  overall 

dimensions  and  weight,  than  as  relay  of  the  type  HKU-48. 

For  the  purpose  of  considerable  shortening  in  the  tine, 
necessary  for  mastery/adoption  in  production,  and  also 
essential  decrease  in  the  expenditures  on  the  production  of 
new  instrument  in  the  construction  of  relay  of  the  type 
RBN17  are  used  (with  small  changes)  the  fundamental  parts 
of  the  relay  of  types  RKH  and  HKU-48.  Housing,  core  with 

jaws  (coil)  and  the  araature  of  relay  of  the  type  RK  N are 

used  with  small  structural/design  changes.  The  rear  jaw  of 
coil  has  four  leading-out  plugs  instead  of  five.  Insulation 

of  the  winding  of  relay  from  core  is  intensified,  it 
consists  of  five  layers  of  the  varnished  insulating  cloth 

of  brand  /.Sj-1  by  thickness  0.1  an.  winding  is  saturated 
with  varnish  No  447.  Inner  diameter  of  the  winding  10.1 

as,  height  6.*  am  length  59.1  am. 
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Contact  groups  are  assembled  on  two  pins,  strengthened 
to  the  housing  of  relay. 

Contact  and  supporting  springs,  steel  cover  plates  and 
insulating  plastic  separators  are  used  the  sane  as  in  relay 
of  the  type  tlK0-48s. 

Page  672. 

Magnetic  system  and  all  fasteners  ha»e  the  intensive 
anticorrosive  coating  (zinc  30  p cbroaized). 

Effort/force  froa  araature  is  transmitted  to  contact 

a 

springs  with  the  aid  of  two-way  plastic  coab/rack  (bush). 

For  an  increase  in  the  vibration  resistance  of  relay,  the 
armature  is  held  by  two  flat/plane  return  springs.  Pressure 
of  return  springs  on  araature  from  10  to  is  graas. 

The  contact  systea  of  relay  consists  of  two  groups  and 
can  have  froa  4 to  12  contact  springs.  Course  of  armature 
1..5-1.7  aa,  the  height/altitude  of  the  plug  of  loosening 


0. 1 an 


Pressure  of  contact  springs  on  supporting/reference 
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n* 


10-20  grans.  Pressure  in  contacts  20-25  grass,  gaps  among 


contacts 

are 

not 

less  than 

0.9  an.  Power,  consumed 

during 

function 

by 

the 

winding  of 

relay.  O'.  15-0.6  H.  with 

the 

nominal  voltage  of  relay,  consumes  0.5-2  U. 

Greatest  permissible  continous  rating  4.5  H (at  9 = 

50°C).  The  relay  reset  coefficient  0.15-0.2,  at  the 
height/altitude  of  the  plug  of  loosening  0.5  mm  are 
0. 3-0^4.  Great  operating  voltage  of  winding  and  contacts  by 
250  volts,  the  maximum  current  of  contact  system  5 /} , 


N % 

M 


i 


\ 


/ 
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Fig.  20.1.  Relays  of  direct  current  of  type  REN  1 7. 

Page  273* 

Power,  switched  by  contacts  with  non-inductive  load  and 
direct  current,  50  tf  (0.23/*  - 220  volts),  alternating 
current  by  frequency  50  Hz  - to  500  volt-anperes  (2.3/?  - 
220  volts).  Service  life  of  the  relay  of  10*  cycles. 

The  testing  voltage  of  insulation  of  winding  1000  eff. 
V,  of  insulation  of  contact  systea  1000  volts.  The 
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insulation  resistance  of  relay  under  noraal  conditions  is 
aore  than  500  HQ,  after  the  stay  for  48  h under 


conditions 

of  increased 

huaidity 

98o/o  - 

it 

is 

not  less 

than  10  RQ.  Relay  is 

screw/ propellers. 

fastened 

to  board 

three 

overall 

diaensions 

of  relay 

25.6  i 

78.4 

X 

94  aa. 

weight  30  0 g. 

Table  20.1  gives  the  aapere-turns  of  function  and 
re lease/ te apering  of  relay  of  the  type  REH17  with  different 
loads*.  The  aapere-turns  of  function  are  given  with  the 
production  certified/rating  reserve  into  15c/o. 

The  working  safety  factor  on  the  current  (aape re-t urns) 
of  function  for  a current  relay  aust  be  not  less  than  1.3 
(K,  ^ 1.3). 

Voltage  relays  aust  reliably  wear/operate  during  decrease 
in  the  voltage  to  85o/o  froa  noainal  value  hr*  z. 

n 

For  voltage  relay,  the  working  safety  factor  on  voltage 
aust  be  not  less  than  1.5. 


I 
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Figures  20.2 

gives 

the  curves  of 

the 

dependences  of 

the 

tiae  delay  of 

the 

type  REN  17  on 

the 

safety  factor  on 

aapere-t  ur  ns.  Figures  20-3  gives  dependence  curves  of  the 
releasing  tiae  of  relay  of  the  type  8BN17  with  Kj  * 1.6 
it  is  within  the  liaits  fros  50  to  70  as,  and  releasing 
tiae  varies  froa  10  to  30  as. 


A relay  of  the  type  REN1 8 differs  it  is  characterized 
by  froa  REN17  the  construction  of  coil.  Coil  form  of  relay 
of  the  type  REN  18  is  pressed  froa  plastic,  for  double 
wound  coils  the  fraaework/body  has  suppleaentary  jaw 
(partition/baffle)  insulating  windings  froa  each  other. 
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Table  20.1.  Aapere-turns  of  the  function  of  the  relay  of 
types  SEN  17 , SEN  1 8 and  HEN  1 9 at  the  height/altitude  of  the 
plug  of  loosening  0.9k 

" 77 

Kl'IIT.lKTIUH  M.1I  |>>  1 ) P. Ill  17  P.lll  1 8 I'  lHl'i 


2 .UtMUKilkiltlll.V  Kull  r.lKTlA 

1 lU.IMUKUHUlkllll  KOIIT1IK1  O' 

2 flU.IMUKilK'inilX  Kl'llTaKTat^1 

2 liepPK.iiosaioiHiix  Ki>HTaKTa'*>  l - <7  2ik'>  2.>7 

1’  lH’pi'K.lhiiaKUilHX  r - a;»MU-  810  384  JA* 

KatOlUUX  KimTaKTa^1  ' 

\ upppK.'iK'Haiomnx  KoiiTaKTaCi.)  328  340  .'81 

4 laMUKawmiix  KoirraKTa  .438  , 

r,  aaMUKaiuiitiix  ki>ht«kti>i^s  > j — 1 380 


200 
2ty  , 


2«  • 
212 


23:. 


Key:  (1). 

contacts. 
(6).  stud 
contacts. 


Contact  load.  (2).  Type.  (.3). 
(4).  the  breaking  contact.  (5). 
switch.  (7) . the  changing  over 
(8).  circuit  closing  contacts. 


circuit  closing 
breaking  contact. 

♦ 2 circui t closing 


Page  674. 


A relay  of  the  type  REN18  is 
teaperatures  froa  ♦ 5 to  »40°CV 
at  20° C.  Operating  voltage  of 


intended  for  operation  at 
relative  huaidity  to  98o/o 
the  winding  of  this  relay  to 


450  volts. 


Upon  the  series  connection 


groups 

of  relay  of 

the 

type 

direct 

current  (120 

or  2 

of  two  adjacent  contact 
REN18,  can  switch  0.27  a 
a alternating  current  (900 
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volt- a ■ peres)  with  resistive  load 
Service  life  of  the  contacts  of 
functions.  Frequency  of  functions 


and  voltage  450 
the  relay  of  10* 
1 inp./si 


volts. 
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The  anpere-turns  of  the  function  of  a single-winding 
relay  of  the  type  REN  18  with  different  leads  with  the 

certified/rating  reserve  into  15o/o  are  given  in  fable  20.1. 
If  coil  fora  webbed,  then  the  anpere-turns  of  function  from 
the  winding,  located  on  pole,  are  97o/o,  and  fron  winding, 
which  is  located  of  the  base  of  relay  - 130o/o  of 

anpere-turns  of  the  function  of  noraal  single- winding  relay. 

20.2.  Relays  of  alternating  current  of  the  type  REN20. 


The  relay  of  alternating  current  of  the  type  REN20  is 
intended  for  the  coaautation  a direct  and  alternating 
circuital  current  of  average  power  with  vcltage  to  250 
volts.  The  general  view  of  relay  is  shown  in  Fig.  20.4. 

Relay  is  designed  for  operation  in  aobile  units  during 
changes  in  the  aabient  temperature  fron  -50  to  +50 °C, 
relative  hunidity  to  98o/o  (at  20*.5°C) . Belay 
aaintain/withstands  vibration  test  in  the  range  of 
freguencies  fron  15  to  45  Hz  during  acceleration  3 g and 


■ -- 
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testing  foe  inpact  strength  during  acceleration 


is  pacts) 


Pig.  20.4.  Relays  of  alternating  current  REN20 


equal  to  1000  eff.  v 


an  instead  of  the  relay  alternating  current  of  the  type 

HKO-48sf  unworkable  in  nobile  units.  In  the  construction  of 


relay  of  the  type  RBR20 


*re  also  used  nany  parts  of  the 
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relay  of  types  BKN  and  HKU-48  for  a considerable  decrease 

in  the  expenditures  of  tine  and  resources  for 
■astery/adoption  of  the  new  type  of  relay.  Housing  and  the 
araature  of  relay  of  the  type  RKN  are  used  with  snail 

structural/design  changes.  Core  has  L-shaped  foci,  it  is 
assenbled  nade  of  sheet  tranforner  steel  by  thickness  0.35 
an,  it  is  tightened  by  two  steel  plates  with  the  bent 
back  end/leads  and  it  is  attached  four  by  screw/pr opellers 
to  the  internal  plane  of  housing. 

<T 

Core  is  6 x 12  am,  calculated  length  its  33.2  urn.  Free 
end/lead  (pole)  is  bisected;  on  the  lower  part  of  the 
pole,  is  placed  the  short-circuited  shielding  winding,  which 

is  of  three  red  copper  right-angled  washers  section  (1.5-4) 
x 0.8  an  (thickness  0.8  an). 

The  equivalent  inner  diaaeter  cf  the  winding  12.1  an, 
height/altitude  its  7.4  aa  and  length  27  na.  Minding  is 
isolate/insulated  fron  core  five  by  layers  of  the  varnished 
insulating  cloth  of  brand  and  it  is  saturated  with 

varnish  Do  447. 

The  contact  systea  of  relay  has  the  sane  construction, 
as  in  relay  of  the  type  REN17,  it  consists  of  two  groups  ( 
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and  can  have  £coa  4 froa  12  contact  springs.  Course  of 


the 

armature  of 

relay 

1.8  an.  Pressure 

in 

t he 

contact  s 

20-. 

25  g*  gaps 

a mong 

contacts  are  not 

less 

than 

0.  9 am. 

The 

winding  of 

relay 

is  intended  for 

feed 

by 

a lte  rnat ing 

current  by  frequency  50  Hz. 

Power*  consuaed  by  winding  during  the  function  of 
relay,  1.6  W (2.6  volt-aaperes)  „ With  the  nominal  voltage 
of  relay*  consuaes  3.2  « (5.5  volt-aaperes).  Maximum 
peraissible  continous  rating  5.1  W (8.2  vclt-anperes ) (at  A 
» 50®C).  Great  operating  voltage  of  winding  and  contacts  by 

250  volts*  the  aaxiaua  current  of  contact  system  5 /}. 

Power*  switched  by  contacts  so  on  resistive  load  and  direct 
current  50  w (0.23  - 220v«lV$) » with  alternating  current 

by  frequency  50  Hz  - to  500  volt-aaperes  (2.3  - 220 

volts) . 


Service  life  of  the 
voltage  of  insulation  of 
The  electrical  insulation 
conditions  is  aore  than 


relay  of  10*  cycles.  The 
winding  and  contacts  1000 
resistance  of  relay  under 
100  NQ  with  the  increased 


testing 
eff.  V. 
nor  aal 
hum idit  y 


io  no. 


Overall  dimensions  of  relay  25.6  x 83  x 94  an*  weight 


I 


i 


For  determining  the  anpere-turns  of  function  Fig.  20.5 


gives 

the 

electroaechanical 

characteristics 

of 

relay  of  the 

type 

HEN20 

at  frequency  SO 

Hz.  With  the 

aid 

of  these 

curved  and  aechanical  characteristics  of  contact  groups,  it 
is  possible  to  find  the  aapere-turns  of  the  function  of 
the  relay,  which  has  any  load. 
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Table  20.2  gives  the  starting/launching  aapere-turns  of 
function  (with  the  nonpullled  araature)  for  a relay  of  the 
type  REN2  0,  loaded  by  some  most  widely  used  combinations  of 
contact  groups. 

Page  677. 

This  table  is  comprised  taking  into  account  the  production 
(certified/rating)  reserve  into  10o/o.  The  voltage  of  the 
function  of  the  relay  of  alternating  current  aust  be  not 
aore  than  80-85o/o  nominal  value  of  operating  voltage. 

Inductance,  active  and  complete  winding  iapedance  of  the 


relay  of  alternating  current,  as  is  known  [20.4],  they  can 
te  expressed  by  the  following  foraulas: 
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L — K w*,  R -C-w*  and  Z •=)  /?*  + (®L)»  - VC*  + («tf)»w»1  (20-1 ) 


the  coefficients  whose  values  depend 


the  pacaaetars  of  tha  aaterial  of  aagnetic  circuit 


l!  t*  <J  it  Mm* 


Electromechanical  characteristics  of  relay 


\ 

V 

■ \ 

t T 

•V 

i. 

n 

a 

A 

ON 

si 

V , 

> 

si 

kl 

> 
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Table  20. 2.  Aapere-turns  of  the  function  of  relay  of  the 

type  RBN20. 


2 npwaiUDiiin  nomjni-  * \ . . . 294-330 

2 n«pe>j»WDmu  +2  MMimaiomn 

•toimirra  .(,») . 394 

4 BepaMBwnoin  Kon*m*&  . . . 330  397 

O)*  Contact  load.  (2).  stud  switch.  (3).  the  changing 
over  *2  circuit  closing  contacts. 


Page  678. 


The  turn  nuaber  of  the  winding  of  the  relay  of 


alternating  current 


(20-2) 


where  u0  - the  stress  level,  which  is  necessary  to  one 
turn  of  the  winding  of  relay;  uo  depends  on  construction 
and  the  size/diaensions  of  relay. 


For  the  assigned  type  of  relay  coefficients  K 


C and 
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u0  also  of  nonoperative  ampere-turns  and  frequency  of  the 
feeding  alternating  current.  Coefficient  C,  furthermore,  it 


depends  also  on  filling  of  winding  space  of  coil,  diameter 


of  wire  and 

thickness 

of  its 

insulation.  Values 

of 

coefficients 

of  K,  C, 

and  u0 

for  each  type  of 

relay  can 

be  determined  experimentally. 

The  calculation  of  the  electromagnetic  relays  of 
alternating  current  is  in  more  detail  presented  in  the 
preceding/previous  (the  second)  publication  of  this  boolc 
P0.4]. 


For  the  calculation  of  the  windings  cf  relay  of  the 
type  REN2  0 on  Fig.  20.6  and  20.7,  are  given  dependence 
curves  of  average  values  u0  and  of  coefficients  K and  C 
from  ampere-turns  at  the  extreme  values  cf  clearance 
[pullled  («  s 0)  and  nonpullled  ( « = 1.8  mm)  the 
positions  of  armature]. 

Angle  of  displacement  between  the  vectors  of  current 
and  stresses  with  the  pullled  armature  is  equal 
approximately  58-60®  (cos  * = 0.50-0.53). 
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Pig.  20. 6.  Curved  of  dependences  u0  on  anpere-turns  for 
relay  of  type  BBN20. 


Key:  (1).  Tolts.  («)  4 / 


Pig.  20.7.  Curved  of  coefficients  X and  C for  relay  of 
type  BEN20. 


Key:  (1).  H-  (2).  oh«.  (3)  |4 
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The  time  delay  of 
within  the  limits 
tine  10-12  as. 


the  type  REN20  with  ooainal 
appcoxiaately  9-11  ms,  while 


voltage  is 
releasing 


Figures  20 

.8  gives 

the 

curves  of 

the 

dependen 

:es  of 

the  attracting 

force  of  the 

different 

types  of 

t he  re  la  y 

of  alternating 

current 

on  the  aaount 

of 

the  power 

(volt- ampere) , 

consumed 

these 

relays  in 

pullled 

(* 

= 0 ) a nd 

nonpullled  (* 

= 2 an) 

the 

positions 

of 

araature 

( freque  ncy 

50  Hz). 

From  these 

curves 

it  follows  that 

a 

relay 

of 

the  type 

REN20  consuaes 

smaller 

power 

than  by 

the 

relay 

of 

types 

BKO-48  and  REN21.  The 

power. 

consumed 

by 

relay 

at 

kick-off 

torque  with  the  nonpullled  armature,  is  1.6- 1.7  times  more 
the  power,  consumed  by  these  relays  with  the  pullled 
araature. 

Fundamental  these  some  standard  relays  are  given  in 

4ppendix  1. 
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20. 3.  Relays  of  alternating  current  of  the  type  REN21. 


A 

relay  of 

the 

type 

RBN21, 

developed  by 

author,  is 

the  aodernized  relay 

of 

the  type 

RKP. 

The 

general 

view 

of 

relay  is 

given  in 

Fig. 

2 0.9. 

Housing, 

araat  ure 

and 

the 

contact 

syate*  cf 

relay 

of  the 

type  RKP  are  used  without  changes.  To  inside  of  housing, 
is  attached  four  by  screw/propellers  steel  corner  iron  with 


shortened 

coil. 

Corner  iron  is 

bent 

nade 

of  sheet 

steel  as 

thickness 

3 an 

and  has  in  its 

base 

four 

elongated 

holes. 

which  sake  it 

possible  to  aove 

coil 

along 

housing 

d ur ing 

gap  adjustaent 

between  the  unshielded 

part 

of  the 

pole  and 

ar nature. 

The  arnature  of  relay 

does 

not 

have  a plug  of 

loosening. 

Core 

is  aade  Bade  of 

steel  of 

brand  EA 

(or  E) 

by  diaaeter  9 

bb*  length  its  33 

Front/forward 

end  of 

the  core 

(pole) 

is  bisected;  on 

the 

lower 

half  of 

pole. 

is  placed  the  short-circuited  shielding  winding*  which  is  of 
four  locked  red  copper  seairings  (washers)  thickness  0.8  n. 


The  rear  jaw  of  coil  does  not  have  leading-out  plugs, 
the  end/leads  of  the  winding  are  der ive/ccncluded  by 
flexible  aultiple 


drive  in  excelsior  tube 
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Pig.  20.8.  Curved  of  dependences  of  attracting  force  of 
different  types  of  relay  of  alternating  current  on  power 

Key:  (1).  volt-aapere. 
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Fig.  20.9.  Relays  of  alternating  current  cf  type  REN21 


Fig.  20.10.  Elec troaechanical  characteristics  of  relay  ◦ 
type  REN21  at  frequency  50  Hx. 

Key:  (1).  Hz.  (2).  Volts. 


Fage  681. 
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Winding  is  isolate/insulated  from  core  five  by  layers  of 
silk  varnished  insulating  cloth  and  it  is  saturated  with 
heat-resistant  varnish  No  447. 

Winding  space  of  coil  22. 5 x 6.5  an,  the  inner 
diaaeter  of  the  winding  10  aa. 

For  using  the  standard  mounting  on  the  back  of  the 


housing 

of  relay. 

is  fastened  the 

second  rear 

jaw  with  two 

noraal 

leading-out 

plugs  to  which 

the  tips  of 

the  winding. 

The 

consunpti on 

of  copper  for 

the 

winding  of 

relay  of 

the  type 

REN21  is 

approxiaatel y 40 

9 

instead  of 

9 6 g on 

relay  of  the  type  RKP.  Operating  voltage  of  the  winding  of 

relay  to  220  volts  (testing  voltage  1000  volts)  , contact 


systea 

to  60  volts.  The 

load 

of 

contacts 

0.2a  is  60 

volts. 

the  service  life  of 

relay 

1 

million 

functions. 

The  peak  load 

of  relay 

is 

12  contact 

springs  instead 

of 

4-6  springs  of 

relay  of 

the 

type  RKP. 

The  sensitivity 

of 

relay  of  the 

type  REN21 

at 

frequency  50 

Hz  is 

approxiaatel y 3 times  aore  than  relay  of  the  type  RKP. 
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Tables  20.3.  Ampere-turns  of  operation  of  relay  of  the  type 

FEN21. 
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For  the  function  of  relay,  loaded  by  one  group  for 
closing/shorting,  at  frequency  50  Hz  it  is  necessary  to 
0. 34  volt-amperes  (0.5  volt-amperes),  and  at  frequency  25 
Hz , it  is  necessary  to  0.28  volt-amperes  (0.46 
volt-amperes) . 

Figures  20.10  gives  the  curves  of  the  dependences  of 
the  attracting  force  of  relay  of  the  type  REN21  on  the 
value  of  clearance  at  the  different  values  of  ampere-turns 
and  values  u0. 


The  ampere-turns  of  the  function  of  relay  of  the  type 
REN2 1.  loaded  any  of  five  fundamental  types  of  contact 


groups 

.at 

frequencies  16,  25 

an  d 50  Hz , 

are 

given 

in 

table 

20.  3. 

The  curves  of  the 

dependences 

of 

coefficients 

u0.  K 

and 

C on  ampere-turns 

at  different 

clearance  s 

a nd 

frequencies  16,  25  and  50  Hz  are  given  in  Fig.  20.11  and 

20.12.  Maximum  prolonged  continous  rating  and  freguency  50 
Hz  is  equal  to  6.6  volt-amperes  (*  * 50°C)  , but  with 


I 
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direct  current  - 3.6  W.  Angle  of  displacenent  between  the 

vectors  of  current  and  stresses  40-42°  (cos  * = 0.74-0.76). 


20.4.  Multicontact  standardized  relay  of  the  type  MKU-48. 


The  multicontact  standardized  relay  of  a direct  and 

alternating  current  of  the  type  MKU-48  (Pig.  20.13)  is 

intended  for  control  of  feeding  and  signal  circuits  in 

stationary  eguipnent  for  automation,  telemechanics  and 
ccmmunication/connection  with  voltage  to  220  volts  direct 
currents  even  380  volts  alternating  current. 


Relays  of  the  type  MK0-48  can  be  operated  with  ambient 

temperatures  from  *10  to  «-35°C,  relative  humidity  6 5 _+15o/o 

at  temperature  20°c  and  atmospheric  pressure  670-783  mm  Hg. 

Belays  test  for  vibration  stability  at  frequencies  15-40  Hz 

and  upon  acceleration  3 g,  but  to  the  impact  strength 

during  acceleration  15  g (2000  impacts). 


For  tropicaL  operating  conditions*  it  is  manufactured 
with  relay  of  the  type  MKU-48T  which  can  work  at 

temperatures  from  -10  to  ♦SSmc  and  relative  humidity  to 
98o/o  at  temperature  of  35°C.  Vibration  stability  of  relay 

3.5  g at  frequencies  10-70  as  and  the  impact  strength  15 


. I 

Page  684. 


The  weight  of  relay  without  cap/hood  is  not  aore  than 
350  g,  with  base  and  cap/hood  - 550  g. 

Magnetic  relay  circuit  consists  of  the  core  of  w-shaped 
fora  and  flat/plane  araature.  The  core  of  relay  is  bent 
aade  of  strip  steel  of  brand  E by  thickness  3.5  an  in 
such  a way  that  the  average  part  of  it  is  arrange/located 

perpendicular  to  two  extreme  parts,  which  are  the  housing 

of  relay. 


DOC  « 780 12034 


PAGE  & 1^7® 


Of  the  aiddle  part  of  the  core  whose  width  is  equal 

to  22  aa  and  length  26.5  an,  is  arrange/located  the  coil 

of  relay  with  f raae work/body  fron  plastic.  The  free  end/lead 
of  the  aiddle  part  of  the  core  (pole)  is  divided  on  two 

parts  by  groove/slot  by  width  3.6  aa.  On  the  right  side 
of  the  pole,  is  placed  closed  loop  fron  copper  sheet  by 


thickness 

1.5  aa  (section 

of 

this  turn  5.9 

x 1.5  am).  For 

relay  of 

the  type  MKU-48 

of 

direct  current. 

closed  loop  is 

aanufactured  froa  steel  and  serves  as  the  pole  piece  for 
an  increase  in  peraeance  of  clearance,  and  also  for  the 


retention  of  the  coil 

of  relay.  Winding 

space 

of 

coil 

7 x 

21  aa. 

the  equivalent 

value  of  the  inner 

dianeter 

of 

the 

winding 

19.7  aa.  The 

aagnetic  systea  of 

relay 

by 

two 

screws 

is  screwed  on 

to  the  steel  claap. 

serving 

for 

the 

attachaent  of  relay  to  board. 

To  the  left  side  of  the  housing  by  two 
screw/propellers  is  attached  the  base  with  two  contact 
groups  and  araature,  while  to  right  - a travel  liaiter  of 
araature. 


The  contact  systea  of  relay  consists  of  two  groups 
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each  group  can  have  froa  two  to  eight  of  contact  springs, 
"■otioalessM  contact  springs  are  aade  iron  solid  white 
copper  by  thickness  0.35  an,  aovable  springs  - aade  of 
spring  ther aaliza tion/heat-treated  steel  of  brand  653  by 
thickness  0.25  an.  Width  of  springs  5 ns,  working  length 
41.5  na. 

Contact  springs  are  tightened  and  isolate/insulated  fron 
each  other  and  housing  by  separators  of  plastic. 

"Hotionless"  contacts  have  a diaaeter  4.2  an  and  a 
height  2 an,  aovable  - 4 an  and  height  1.5  an.  Contacts 


are 

aade 

froa  silver  of 

brand  SrH9Q0. 

Distance 

between  the 

contacts  0. 9-1.0  an. 

The  araature 

cf 

relay 

is 

aade  aade  of  sheet  steel  by  thickness  2 an. 

the 

width  of 

araature  21 

aa.  The  relay  of  direct  current 

has 

at 

araature  nonaagnetic  antistick  strip  as 

thickness  0.2 

aa. 

On 

top 

to  araature 

is  riveted  block  (or 

framework) , 

serving 

f or 

switching  of 

contact  springs. 

In 

cal  a 

position  the 

araature  is  pressed 

aga  inst 

liaiter  under  the  action  of  recurrent  flat  spring.  The 
initial  pressure  of  araature,  aeasured  of  its  end/lead  (of 

limiter),  is  equal  to  5-8  g. 
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The  course  of  the  armature  of  relay,  measured  of 
liaiter,  is  equal  to  2 aa  (against  the  Biddle  of  core  the 

course  of  araature  it  is  equal  approximately  to  1 am)  . 
Pressure  in  the  resting  contacts  14-76  g,  in  the  make 

contacts  24-26  g. 

Page  685. 

Operating  voltage  of  winding  and  contact  systen  to  220 
volts.  Maximum  current  of  contact  system  5 a.  The  breaking 
capacity  of  contacts  in  direct-current  circuit  with  inductive 

load  (<  2 H)  50  M,  in  the  alternating  current  circuit  of 

500  volt-aa  peres. 

Service  life  of  relay  1 million  functions. 

Maxiaua  permissible  continous  rating  of  the  relay  of 
alternating  current  without  base  and  cap/hood  of  7.2 
volt-amperes  (5.6  H)  (at  d = 50®C).  Angle  of  displacement 

between  the  vectors  of  current  and  stresses  with  pullled 
armature  42-45®  (cos  # = 0.75-0.71). 


\ 
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A relay  of  the  type  HKU-48  is  aanufactured  also  with 
base  and  cap/hood  froa  plastic  (Pig-  20-14)  . 


Cap/hood  has  froa  the  front  an  aperture,  shielded  as 
glass  for  observation  of  work  of  contacts-  On  the  basis 
are  placed  in  two  series  of  10  ter ainal/gr ippers  for  the 
connection  of  winding  and  contact  springs.  The  peak  load 


relay  with 

base 

and  cap/hood  of 

8 

contact 

springs-  The 

capacity  of 

the 

d-c  relay  with 

base 

and 

cap/hood  2.8  W# 

without  base 

and 

cap/hood  3. 1 V 

(at 

i * 

50°C) - 
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Fig-  20-14.  Relays  of  type  HKO-48  with  base  and  cap/hood 


The  relay  reset  coefficient  of  direct  current  with  6 


0.2  ■■  is  approximately  equal  tc  0. 4-0.5,  and  with  6 


alternating  current  is  tentatively  equal  tc  0.51-0.56 


A relay  of  the  type  HKU-48s  is  intended  for  operation 
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at  ambient  teaperature  of  ♦50°C  and  relative  humidity  to 
98o/o  (at  20  ^5°C)  . For  this  purpose  the  aagnetic  system 

of  relay  and  all  fasteners  have  the  intensive  anticorrosive 
coating.  All  contact  springs  are  aade  from  white  copper. 

The  peak  load  of  the  relay  HKU-48s  is  eight  contact 
springs  instead  of  ten. 

For  determining  the  ampere-turns  of  the  function  of 
relay  Fig.  20.15  and  20.16  gives  the  electroaechanical 
characteristics  of  relay  of  the  type  HKU-48  of  direct  and 
alternating  current. 

Bith  the  aid  of  these  curved  and  nechanical 


characteristics  of  contact  groups. 

it 

is 

possible  to 

f ind 

the  ampere-turns  of  the  function 

of 

the 

relay,  which 

has 

any  load. 

The  service  life  of  the  contacts  of  relay  of  the  type 
UK  0— 48s  is  equal  to  10*  functions  (at  35°C)  „ Triggering 
tine  with  nominal  voltage  is  not  aore  than  60  ms. 

Table  20.4  gives  the  aapere-turns  of  function  for  the 
relay  of  direct  current  and  the  starting,,' launching 
aapere-turns  of  function  (eith  the  aonpullled  armature)  for 
the  relay  of  alternating  current  of  the  type  HK0-4  8, 
by  different  contact  groups. 


loaded 
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Pig.  20.15.  Electroaechanical  characteristics  of  relay  of 
type  HKU-48. 


Page  687. 

The  table  of  aapere-turns  is  coaprised  taking  into 
account  production  reserves.  The  voltage  of  the  function  of 
the  relay  of  alternating  current  is  within  the  Units  froa 
0.79  to  0.85*  while  the  voltage  of  the  function  of  the 
relay  of  direct  current  - within  liaits  froa  0.75  to  0.8 
noainal  values  of  voltage. 


Pig-  20.16.  Electromechanical  characteristics  of  relay  of 
alternating  current  of  type  HKU-48. 


Table  20.4.  Anpere-tourns  of  the  function  cf  relay  of  the 

type  HKD— 48. 


KoiTUTHia  aarpyma^'^ 

nOTTOXH- 

>U|  TDK 

C*) 

IlepeMOH- 
huA  tok 
50  ^ 

2 a«MMKaKtmHX  KOHTaKTaC^. 

130 

185 

4 aavihixaiomHx  xoirraxTa 

180 

260 

2 pa:iuuKaivniux  kohtrkt8  Q*! 

187 

260 

4 P«3MUKtK>lUHX  KOHTaKTA  ^ 

230 

290 

2 ncpeK JH'ianmini  KOHTaKintf' 

190 

260 

2 aaMuxaioianx  -f  2 paaMU- 

xaomax  KOHraxiax  

190 

260 

2 MMUKaiomix  -f  2 nepewiio- 
qaiomiii  KOHTaKTaC^ : 

200 

275 

2 pasMuaaioB^x  -f  2 nepa- 
K.lB>«aioiHBx  KorraKta  fl) . , | 

230 

300 
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Key:  (1).  Contact  load.  (2).  Direct  current.  (3). 

Altercating  current  50  Hz.  (4).  circuit  closing  contacts. 


(5).  breaking  contact. 

(6)  . 

stud 

snitch.  <7) 

• 

the  closing  ♦ 

2 of  breaking  contact. 

(8j  . 

the 

closing  ♦ 

2 

of  stud 

snitches.  (9)  . breaking 

♦ 2 

stud 

snitches. 

(9) 

. breaking  ♦ 

2 stud  snitches. 
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Page  689. 

By  relays  of  the  type  BKO-48  east  reliably  work  with 
voltages  froa  85  to  IfOo/o  of  noainal  value. 

For  the  calculation  of  the  winding  of  relay  of  the 
type  BKU-48  Fig.  20.17  and  20.18  gives  the  curves  of 
dependences  u0  and  of  coefficients  K and  C on  aapere  turns 
with  different  clearances. 


As  a result  of  an  inaccuracy  in  the  treataent/wor king 
and  assembly,  the  reluctance  of  joints  and  gaps  between 
core  and  araature  can  oscillate  within  sufficiently  large 
liaits;  therefore  values  of  coefficients  u0#  C and  K with 
the  pullled  araature  (•  * 0)  can  change  approxiaately 
within  the  liaits,  liaited  by  continuous  and  dotted  lines. 

For  deteraining  the  inductance  of  relay  of  the  type 
880-48  with  the  constant  of  current  Fig2  20.19  gives  the 
carves  of  the  dependences  of  coefficient  Ka  on  aapere- turns. 


These  soae  standard  relays  of  direct  and  alternating 
current  are  given  in  Appendix  1. 


20*5.  Relays  of  average  power  of  type  tfS-3. 

A relay  of  type  6*i-  3 is  intended  for  control  of  the 
circuits  of  average  power  of  direct  or  alternating  current 
(up  to  20^  that  teed  eguipaent  for  autoaation  and 

coaeuuication/connection.  This  relay  can  be  operated  at 
aabient  teaperatures  froa  -50  to  ♦50°C  and  relative  hunidity 
to  98o/o  at  tenperature  of  20°C.  Relay  aaintain/wit hstands 
vibration  test  in  the  range  of  frequencies  froa  25  to  70 
Hs  during  accelerations  4-3  g and  iapact  strength  during 
acceleration  75  g (2000  iapacts). 


r 
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Pig.  20.19.  Curved  of  coefficient  K«  for  relay  of  type 
BKU- 48. 


Key:  (1)-  H.  (x)./9V. 
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por  tropical  operating  conditions*  it  is  Manufactured  with 


relay 

of 

the 

type 

RKS-3T  which 

can  work  at 

teaperat ures 

f roa 

-10 

to 

♦ 55°C 

and  relative 

huaidity  to 

98o/o  at 

tenperature  of  35°C. 


The  general  view  of  this  relay  is  given  in  Pig. 
20.20s  The  nagnetic  systen  of  relay  of  type  fKS-3  is 
asseafcled  fron  housing*  core  and  the  araature  of  a noraal 


t 


relay  of  the 

type  HKN.  Core 

has 

the 

pole 

piece. 

The 

fr oat/leading 

jaw  of  coil  is 

aade 

of 

red 

copper. 

and  rear 

out  of  getinax. 


The  contact  system  of  relay  consists  of  two  aot ionless 
collector  strips  by  section  2.5  x 10  aa,  strengthened  four 
by  screw/propellers  on  housing  in  parallel  friend  and 
isolate/insulated  by  thick  getinax  separators.  On  each  band 
is  fastened  of  two  contacts  - fundamental  and  auxiliary. 


Pundaaental  contact  froa  silver  is  riveted  of  the 
end/lead  of  the  band,  it  has  contact  surface  as  value  5 x 
10  sa  height  0.8  aa.  Auxiliary  contact  made  of  tungsten  by 
diaaeter  4 aa  is  fastened  on  band  at  a distance  27  an 
froa  fundamental  contact.  During  the  function  of  relay,  both 
aotionless  collector  strips  are  closed  between  themselves  by 
flexible  contact  cross  connection  froa  band  bronxe  (thickness 
0*8  aa)  , strengthened  to  the  araature  of  relay. 

This  cross  connection  has  four  springy  reeds  to  which 
are  attached  respectively  two  large  linear  silver  contacts 
and  two  circular  tungsten  contacts.  Cross  connection  is 

isolat  Via  existed  froa  araature  by  getinax  separators. 

Araature  retaras  to  initial  position  elth  the  flat/plaae 

bronxe  spring*  strengthened  to  the  housing  of  relay. 


1 
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During  the  function  of  relay,  first  are  closed  the 


tungsten  contacts,  which  then  are  shunted  by  large  silver 


contacts.  With  disconnection 


on  the  contrary 


broken  powerful  silver  contacts  without  chain  cleavage,  and 


then  tungsten  contacts.  Thus,  the  energy,  which  is  isolated 


during  closing/shorting  and  interrupting  of  circuit 


received  only  by  tungsten  contacts 


Chain  cleavage  occurs  virtually  simultaneously  in  two 


Ttl 

— 

e — X\  1 

& 

J 

u 

P-1 
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series  -connected  contacts.  Distance  between  the  fundamental 
contacts  4 ns,  between  auxiliary  5 as.  Pressure  in  the 
fundanental  contacts  300-700  g,  in  auxiliary  SO-  8 0 q.  Course 
of  arsature  5 n.  The  naxiaun  value  of  the  current, 
switched  by  contacts,  20  4 


The  breaking  capacity  of  the  contact  systea  of  relay 

ot  type  RKS-3  with  direct  current  V.O  kH  (20  /V  - 60 

volts  or  10  f\  - 110  volts)  with  alternating  current  of 

2^0  kVX  (20  - 120  volts  or  10  - 220  volts)  . The 

testing  voltage  of  insulation  of  winding  500  volts,  of 

contact  a ystes  1500  volts.  Service  life  of  the  relay  of 
10*  cycles. 


The  winding 

of  relay  is 

supplied  by 

direct  current  by 

voltage  24,  48 

or  110 

volts. 

Xapere-tutns 

of  function 

60  0-650,  working 

anpere 

turns 

800-860. 

With  the  noainal 
Overall  dinensions  of 


voltage  of  relay, 
relay  27  x 48  x 


consuaes  2. 8-  3.0  V. 
115  an,  weight  30  0 


9- 
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20.  b.  Relays  of  types  KPNV  and  RFNV-1. 

The  relays  of  tks  direct  current  of  types  KPNV  and 
RPRV-1  are  intended  for  the  connutation  a direct  and 

alternating  circuital  current  of  average  power  with  voltage  I 

to  250  volts. 

i 

Relays  are  designed  for  operation  in  stationary 
equipaent  during  changes  in  the  salient  tenperature  fron  -5 
to  ♦40°C  and  relative  huaidity  to  90o/o  (at  20  i5®C). 

The  general  view  of  relay  of  the  type  RPMV  is  shown 
in  Fig.  20.21. 

In  the  construction  of  relay  of  the  type  RPNV,  arc 
used  alaost  all  parts  of  relay  of  the  type  RPN.  Core  and 
arnature  have  snail  stroctura  1/design  changes.  Insulation  of 
winding  fron  core  is  intensified*  it  consists  of  five 
layers  of  varnished  insulating  cloth  by  thickness  0.10  nn. 

Rinding  is  saturated  with  varnish  No  447.  Equivalent  inner 
disaster  of  the  winding  10.2  an*  height  6.2  an*  length  50 
an.  The  front/leading  jaw  of  coil  has  stepped  fora  and  it 
siaultaneously  serves  as  support  for  contact  springs. 


DOC  * 78012434 


PAGE 


*=  /rr7 


The 

contact 

systes 

of  relay  of  the 

type 

RPKV 

consist  s 

of  one 

or  tvo 

cont  act 

groups,  assembled 

into 

ore 

common 

packet. 

Each  group  can 

have  froa  one  to 

four 

cont  act 

spri  ngs. 

Contact  springs  have  approximately  the  same  fora  as 
springs  of  relay  RPN- 

Page  642. 

The  distance  bet  sees  the*  is  increased  to  2 an,  spring  are 
isolate/msulated  froa  each  other  by  two  separators  of 
getinax  by  thickness  1 as.  The  sagnetic  system  of  relay 
and  all  fasteners  have  the  intensive  anticorrosive  coating. 

The  driving/noving  getinax  plate  of  bridge  has  stepped 
fora.  Course  of  armature  1-5-2- 1 mm,  the  thickness  of 


nonmagnetic 

antist ick 

strip 

0.1  sn.  pressure  in 

the 

contacts 

18-25  g. 

The  gaps 

among  contacts  are 

not  less 

than 

0.8 

mm.  Power, 

consumed 

by  the 

winding  of 

relay  during 

function. 

0.07-0.3  M 

. Rated 

consuwpti  on 

0.15-0.6 

U, 

capacity 

- 4.5  ». 

Great 

operat ing 

voltage 

of  winding 

and  contacts 

by  250 
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volts,  the  aaxiaua  current  strength  in  contacts 
power,  switched  by  contacts  with  resistive  load 
current.  is  44  H (0.2  A ~ 22  0 volts).  Service 
the  relay  of  10*  cycles.  The  testing  voltage  of 
of  winding  and  contact  systea  1000  eff.  V. 


1 A.  The 
and  direct 
life  of 
insulation 
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Page  693. 

The  electrical  insulation  resistance  of  relay  under  noraal 
conditiors  is  loce  thaa  500  HQ#  after  the  stay  under 
conditions  of  the  increased  hnaidity  10  HC. 

lelay  is  fastened  to  board  by  two  screw/propellers. 
Overall  dieensions  of  relay  28  x 39'.6  x 108  ■■#  weight 

220  g. 

The  aapere-turns  of  function  for  a relay  of  the  type 
RPNV#  loaded  by  different  contact  groups#  are  given  in 
Table  20.5. 

A relay  of  type  ftpfl/l/l  has  a winding#  designed  to 
operating  voltage  to  250  volts,  and  nornal  contact  systens 
of  relay  of  the  type  RPR  to  operating  voltage  to  100 
volts#  contact  systens  is  500  volts.  Overall  dieensions  of 
relay  26  x 37.1  x 108  nn# 


weight  220  g 
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20.7.  Relays  with  mechanical  Interlock  of  the  type  REN19. 

The  relay  of  direct  current  with  the  mechanics 1 
retention  (blocking)  of  araature  after  function  of  the  type 
BEN19*  developed  by  L-  A.  Dobroserdov,  is  intended  for  the 

confutation  of  the  circuits  the  direct  and  alternating 
current  of  average  power  with  voltage  to  250  volts.  The 
general  view  of  relay  is  shown  in  Pig.  20.22. 

Relay  is  designed  for  operation  in  fired  systems  during 
changes  in  the  ambient  temperature  from  0 to  ♦40°C, 
relative  hunidity  to  98o/o  at  tenperature  of  20 
■ainta in/w ithstands  vibration  test  at  frequencies  from  15  to 
70  Hz  and  upon  acceleration  3 g. 

A relay  of  the  type  REN19  consists  cf  two  relay  of 
the  type  REN  1 7 whose  housings  are  rigidly  connected  between 

thenselves  two  steel  plates.  One  Of  these  relay  is  worker* 
another  serves  for  return  to  initial  position  (releases)  the 
first-  The  end/lead  of  the  armature  of  working  relay  is 
gashed  to  middle  and  it  is  bent  back  to  90°. 

The  coils  of  both  relays  are  shortened  on  6.4  an  and 
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at  the  projecting  end/lead  of  core  of  working  relay  froa 
below  is  fastened  the  axis  of  the  lever  of  locking 
apparatus.  Lever  can  be  turned  on  the  axis  and  is  held  in 

initial  position  by  helical  spring. 

Growling  locking  apparatus  it  has  L-shaped  fora;  at  one 
end/lead  of  the  lever*  is  arrange/located  locking  tooth  for 
blocking  (engaging)  the  araature  of  working  relay*  and  on 

other  - projection  (backstop)*  on  which  presses  the  araature 

of  the  releasing  relay  during  function  for  the  release  of 
the  araature  of  working  relay. 

During  the  supplying  of  short-tern  current  pulse  into 
the  winding  of  working  relay*  it  wear/operates*  and  its 

araature  aechanically  is  blocked  in  the  pullled  position. 

For  the  return  of  the  araature  of  working  relay  to  initial 

position*  it  is  necessary  to  feed  current  pulse  to  the 

winding  of  the  releasing  (the  second)  relay. 

The  contact  systea  of  each  relay  consists  of  two 
groups  and  can  have  froa  2 to  12  contact  springs. 

Course  of  the  araature  of  working  relay  2 am*  which 
releases  - 1.7  aa. 


i 
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Pressure  in  the  contacts  20-25  g,  gaps  aaong  contacts  are 
not  less  than  0.9  aa.  Length  of  the  winding  of  relay  52.7 
instead  of  59.1  aa  of  relay  of  the  type  RFIN17. 

The  aapere-turns  of  the  function  of  relay  of  the  typo 

REN19,  loaded  by  different  contact  groups,  are  given  in 

Table  20.1. 


The 

power. 

consuaed 

during  function  by 

the 

wi n ding 

of 

working 

relay. 

depending 

on  load  is  within 

the 

Units 

f roa 

0.3  to  0.6  M. 

In  the  operating  position  of  relay,  does  not  consune 
the  current,  since  araature  is  held  by  the  aechanically 
locking  apparatus. 

Great  voltage  of  winding  and  contacts  by  250  volts, 
the  aaxiaua  current  of  contact  systen  5 
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Pig-  20.22.  Belays  with  aechanical  interlock  of  type  REN19 


Pag*  695. 

power,  switched  by  contacts  with  non-inductive  load  and 
direct  current  50  H,  with  alternating  current  by  frequency 


50  Hfc 


to  500  volt-aaperes 


Service  life  of  the  relay 
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1»10*  of  cycles.  The 
winding  and  contacts 


testing  voltage  of 
1000  volts. 


insulation  of 


Belay  is  fastened  to  board  six  by  screv/pro pel  lees . 
Overall  diaensions  54  x 78  x 100  as,  weight  600  g. 


tf 


20.8.  Code  relays. 


Id  eguipaent  for  autoaation,  fairly  often  are  applied 
the  code  relays  of  direct  current,  the  widespread  in 
warning  devices,  centralizations  and  blockings  on  rail 
transport  C20.1J. 

Code  relays  are  intended  for  operation  during  changes 
in  the  aabient  teaperature  froa  -40  to  ♦60°C  and  relative 
huaidity  to  7 Oo/o.  The  aodification  of  code  relay  (relay  of 
the  type  RDRT)  aaintain/withstands  also  operation  under 
conditions  of  agitation. 

Code  relays  have  to  30  different  aodif ications: 
f wndaaental  relays  of  the  type  KDH  (KDRl,  KDRl-fl , KDR2, 

KDF3,  KDB3-H,  KDB4,  KPR5,  KDR6,  RDR7,  RDR8  and  KDR  9) , relay 


JJ 
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with 

the 

plug 

connect ion/imclusion  of  the 

type  K DBS  h 

. of 

the 

relay 

for 

a work  under  conditions  of 

agitat ion 

of 

the 

type 

KDRT, 

the 

transmitter 

relays  of  the 

type  KTR, 

of 

the 

relay  vith 

the 

large  time 

dilation  of  release/tenpe ring 

(to 

7.5 

s)  of 

the 

type  KHR, 

relay  converter 

of  direct 

current 

in  to 

the 

variable  of  the 

type  KDFE,  of 

the  relay. 

mounted 

in 

the  individual  cases  (cells)  of  types 

UKDR  and 

UNR 

and 

of 

relay 

with 

the  magnetic 

blocking  of  armature  of 

the 

type 

KDRNB 

• 

The  modifications  of  the  code  relays  of  the  types 
KDRIs,  kdr2s,  ....  KDR6s  are  intended  for  operation  at 
temperatures  froa  -45  to  ♦60°C,  relative  hueidity  to  8O0/0 
and  vibration  in  the  range  of  frequencies  froe  10  to  70 
Hz  during  acceleration  tc  3.5  g. 

a)  fundamental  relays. 

The  general  view  of  relay  of  the  type  KRDl  is  shovn 


in 

Fig. 

20.23. 

The 

construction  of 

the 

magnet ic 

system  of 

the  relay 

of 

types 

K OR  1 and  KDR2 

is 

analogous 

to  relay 

of  type 

mi  -1,  but  it  has  considerably  larger  siz^dimensions.  The 


I 
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dianeter  of  the  core 

of  the  relay 

of 

types  KDB 1 and 

K DR  2 

is 

equal  to  12  aa. 

length  its  76 

aa. 

For  a 

deer ea se 

in 

the 

releasing  tiae. 

the  cores  of 

these 

(aoving 

rap  idly) 

(relays  are  Bade  of  circular  silicon  steel  of  brand  Section 
of  the  housing  of  relay  3 x 30  an.  Araature  is  bent  Bade 


of  sheet  steel  by  thickness  2.5  a a.  Housing  and  araature 
are  aade  aade  of  steel  of  brand  EAs.  Magnetic  circuit  is 
copper-plated  and  nickel  (30  p) . The  transaission  of  the 
effort/forces  of  araature  to  contact  groups  is  realized  by 


getinax 

plate  (shelf) 

, riveted 

to 

horn 

of  araature.  The 

length 

of  shelf  of 

relay  of 

the 

type 

KDR2  is  approxi aately 

two  tines  aore  than 

in  relay 

of 

the 

type  KDR1.  Araature 

is  he  Id 

by  brass  corner  iron 

(lock)  r 

strengthened  to  the 

housing  of  relay. 


f 
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Coil  foras  of  high-spaed  relays  are  aanufacturad  f roa 
pressed  powder  K-21-22,  tise-lag  relay  - cf  red  copper, 
liodiags  are  saturated  with  insulating  varnish. 


The  contact  systea  of  relay  of  the  type  KDR1  can  have 
froa  1 to  5 contact  groups  (columns),  which  contain  from  2 
to  6 contact  springs  each.  Relays  of  the  type  KDI2  are 
manufactured  froa  one  or  with  two  contact  springs  of 
aluainua  bronze  with  thickness  0.33-0.4  an.  width  of  springs 
5.5  aa,  length  71-75  an.  The  end/leads  of  contact  springs 
are  cut  and  equipped  by  two  silver  contacts  by  diameter 
2. 2 am. 


Contact  groups  are  tightened  by  two  screw/propellers, 
springs  are  isolate/insulated  froa  each  other  by  separators 
of  plastic  K-21-22.  Springs  are  covered  with  nickel  by 
thickness  2-3  p.  For  the  eliainaticm  of  vibration, 
"aotionless"  springs  are  equipped  by  supporting  (spring) 
springs. 
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Coarse  of  the  srssture  of  relay  of  the  type  KDRl-2.4 
aa,  relay  of  the  type  KDB2  - 0.6  as.  height/altitude  of 

the  pi ug  of  loosening  0.2  nn. 


■s* 


ns -J 

Fig.  20-2  3.  Code  relays  of  type  KDI1. 


rage  697. 

Pressure  in  the  contacts  25-30  g,  the  pressure  of 


contact  springs  on  support  8-12 
0.fr*1.2  as  (between  the  bridge 

The  power,  consuaed  during 
depending  on  the  value  of  the 


9- 

Gap 

between 

the  contacts 

contacts 

0.5-1. 0 

aa)  • 

the 

function  of 

relay. 

load 

of 

a mat  are 

vibrates 

I 


I 


) 
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ni  thin  limits  fro*  0.1  to  1 «.  Mitb  th«  noainal  voltage 

of  relay,  it  consuees  0.5- 3.0  4.  The  windings  of  relay  are 

•anufactured  to  noninal  voltages  6,  12,  24,  48,  110  and 

220  v. 

The  certified/rating  safety  factor  on  the  asper e~turns 
of  function  is  accepted  equal  to  1.4,  and  on  the 

aapere-turns  of  release/tevpering  1.65'.  The  working  safety 
factor  on  spill  current  in  diagraas  aust  be  not  below 
1.  4-1*5. 

Greatest  permissible  continous  rating  5.5-6  v {at  4 « 

50WC).  The  relay  reset  coefficient  of  the  type  KDR 1 is 

3.2-G.4  relays  of  the  type  KDR2  - 0. 3-0. 6. 

The  contacts  of  relay  froa  silver  can  disrupt  current 

to  2 (KDRT  - to  3 A of  alternating  current  with  inductive 
load  and  voltage  110  V),  Belays  can  long  switch  the 


resistive  load 

of 

direct 

current  by 

power 

to 

50  H 

voltage  to  60 

V 

and  to 

30  H with 

voltage 

to  22  0 

Nith  inductive 

load 

the 

contacts  of 

relay 

can 

switch 

current  by  power  to  50  U with  voltage  to  24  v,  to  30  H 
with  voltage  to  60  v and  to  20  V with  voltage  to  2 20  v. 
lith  alternating  current  by  voltage  to  220  into  the 


J 
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contacts  of  colay  they  can  switch  the  power  of  80 
volt-aaperes. 

The  service  life  of  the  silver  contacts  of  relay  1 
aillion  cycles  with  the  saaller  period  of  service  the 
power*  switched  by  contacts,  it  can  be  increased.  Daring  a 
decrease  in  the  load  of  contacts  on  SOo/c  service  life  of 
contacts,  increase  to  5 nillion  countersinks  (fros 
subad justnent  and  by  dressing  after  each  nillion  of  cycles). 


The  testing  voltage  Qf  insulation  of  winding  and 


contacts 

is 

1000  in 

alternating 

current 

150 

H*> 

• Electrical 

insulation 

resistance 

under  noraal  conditions 

is 

sore 

t han 

100  HQ. 

The 

overall 

diaensions 

of  relay 

cf 

the 

type 

KDEtl 

is  32  z 

75 

x 115 

aa  (with  5 

contact 

groups 

54  x 

75  x 

115  SB), 

weight  410- 

470  g. 

b)  Tine-lags  relay. 


Tine- lags  relay  of  types  KDB3*  KDB4,  KDB5,  KDB  6 and 
KDB7  have  housing  of  D-shaped  fora,  which  encoapasses  coil 
froa  two  sides.  During  the  function  of  relay,  the  araature 


r 
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rests 

i not  on  core. 

but 

on  the 

opposite 

stern  of  housing. 

The 

core  of  relay 

of 

the  type 

KDR3  has 

a diaaeter  12  aa. 

and 

the  relay  of 

types 

KDR4  - 

KDS7  - 

16  aa. 

The  relays  of  types  KDR4  KDR6,  retarded  for  function, 
have  quadrature  winding  froa  red  copper  washers, 
arrange/located  in  front  of  coil  (of  araature) . 

Page  698. 


The  relays  of  types  KDR5  and  KDR7  are  retarded  for 
release/te apering,  quadrature  winding  (washers)  of  these  relay 
is  arrang  ^located  behind  coil  (of  heel). 


The  relays  of  types  KDR4-KDR7  have  triggering  tine  to 
260*350  as  and  a releasing  tine  650-1000  as. 

Overall  diaensions  of  these  relays  34  (54)  x 85  x 140 

aa,  weight  950-1000  g. 


Transaitter  relays  of 


the  type  KTR  are  characterized  by 


froa  relay  of  the  type  KDR  the  presence  of  one  or  two 
contact  groups  of  the  increased  power  with  ceraet  contacts 
instead  of  the  silver. 
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Cj  &la  ys  with  large  retarding/deceleration/delay. 


Relay  with  the  large  tiee  dilation  of  release/tewper ing 
(to  5 s)  of  the  type  DHR 1 (SR2)  has  also  housing  of 

0-shaped  fora,  but  it  is  nakcharacter ized  by  the  large 


si ze/diaensions 

and  the 

presence  of 

the 

pcle 

piece. 

The 

general  view 

of  relay 

HB1  is  shown 

in 

Fig. 

20-24. 

The 

cores  of  the 

relay  of 

types  HR  1 

(IR6 

have 

diaaeter  25 

as,  the  pole  piece  - 40  is.  Section  of  housing  6 x 55 
as.  Length  of  the  winding  26  as.  Length  of  red  copper 
plug  70  ns,  outside  diaaeter  its  53  as. 

The  contact  systea  of  relay  consists  of  two  contact 
groups  with  circuit  closing  contacts.  Between  contacts  is 
nr range/ located  flat  spring  with  the  adjusting  screw,  which 
aakes  it  possible  to  regulate  the  tine  cf  release  of  relay 
by  changing  the  pressure  of  spring  on  araature.  The 
coatacts  of  relay  of  the  type  KHR1  have  a diaaeter  4.5  an 
and  are  aade  froa  the  coaposition  of  brand  SrKd86-13 
(silver  86o/o  and  cadaiua  14o/o) . Period  of  service  of 
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these  contacts  2 Billion  cycles  with  load  indicated  above. 
Course  of  the  arnature  of  relay  1.2  an,  the 
reaanent/residual  gap  between  arnature  and  cor<~  0.15  an. 
Pressure  in  the  contacts  20-30  g,  the  gap  between  then  1.5 

aa. 


The  great  tiae  dilation  of  release/teaper ing  has  relay 

of  the  type  KNR 3 (VB)  (7-8  s)  ; the  reaanent/residual  gap 
between  araature  and  core  is  equal  tc  0.05  aa. 

A relay  of  the  type  KHR3  has  two  windings,  upon 

f 

contrary  connection/inclusion  through  2000  ohn  of  the  second 

winding  siaultaneously  with  the  disconnection  of  fundaaental 
- the  releasing  tiae  of  relay  decreases  to  3-3.5  s. 

The  relays  of  types  KHR4  (SR-lGATs)  and  KHR5  (SR-2GATs) 
are  characterized  by  froa  relay  KHR1  the  reduced  length  of 

plug  for  obtaining  the  large  retarding/deceleration/delays  by 
release/teaper  ing  during  pulsed  aode. 

Relay  KHR  6 (KSR)  has  one  closing  and  one  breaking 
contact  instead  of  two  closing  in  relay  KHR1-KHR5. 

The  power,  consuaed  with  the  noainal  voltage  of  relay 
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of 

the  type  KHB1  < 

coaposes  7.6  B, 

relay 

of 

the  type  KHR3 

and 

KSrf6  - 3.8-4. 2 

", 

a relay  of 

the 

type 

KHB2  - 1.75 

B. 

Triggering  tines 

and 

release/te ape ring 

of 

relay  of  the 

type 

KNB  are  given 

in 

table  20-6. 

• 

The  tiie  characteristics  of  relay  can  differ  froi  the 
noainal  value  to  t25o/o  at  teiperature  of  ♦20°C. 


Page  699. 


The  first  values  of  triggering  tiies  and  release/te apering. 


given  in 

this 

table,  are 

related 

1 to 

the 

saallest 

load  of 

ar nature 

(two 

springs),  but 

the 

second 

values 

to 

the 

full  load 

of 

araature  for 

this 

type 

of 

relay. 

The 

overall 

diaensions 

of 

relay  of  the 

type 

KBR 

is 

55  x 

104 

x 145 

na,  weight  of 

approx inately 

3100 

9- 

1 • 

d)  high-speed  relays. 


Vhe  relays  of  types  RDB8  (A)  and  KDB9  (4DKL)  are  the 


high-speed  relays 

of  the 

increased  sensitivity. 

These 

relays 

have  a core  as 

diaaeter 

10 

aa 

with  the  pole 

piece 

by 

diaaeter  25  aa. 

A relay 

of 

the 

type  KDB8  has 

one 

st  ud 

( 
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sw  itch,  while  cel ay  of  tho  typo  KDB9  are  not  ooro  than 
three  contact  groups,  the  power  of  the  function  of  relay 
of  the  type  ID*8  is  0.037  B#  and  relay  of  the  type 
KDB9-0.09  B.  The  overall  dimensions  of  relay  of  the  type 
RDM  is  32  z 62  x 139  so,  weight  625  g. 


Fig.  20-24.  Relays  with  large  tioo  dilaticn  of 
release/teepering  of  type  KHR1. 

Page  700. 


d)  delays  with  blocking. 
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■•lay  with  aagnetic  blocking  typ«  KDBHB  is  relay  of 
tk«  type  KDB1  whose  core  is  aade  of  silicide  magnet  steel 
of  brand  T«Kh2  or  carbonic. 

After  the  disconnection  of  fundamental  arsature  winding, 
of  relay  is  held  in  the  pullled  position  because  of  the 
large  cohesive  force  of  core,  for  the  unlocking 
(release/tespering)  of  relay,  it  is  necessary  to  feed  to 
fundasental  or  supplementary  winding  the  countercurrent  of 
the  specific  value. 

A deficiency /lack  in  this  relay  consists  in  the  fact 


that  the 

countercurrent 

aust 

not 

exceed  the  spill 

current 

of  relay 

in  order  to 

avoid 

the 

repeated  function 

of  relay 

immediately  after  its  release/tenpering  due  to  the  aagnetic 


reversal  of  core. 

Bith  a randoa  short-tern  increase  of  the  circuital 
current  of  opening  winding  of  relay,  it  can  be  blocked  for 
a second  time.  Therefore  relay  with  aagnetic  blocking  one 
should  manufacture  sot  f roe  of  consecutive*  but  with  bridge 
or  differential  circa  it  nag  net  ic  circuit.  A relef  of  the 
type  KDBHB  has  load  to  4-5  stud  switches.;  Required  power 
4*7  ■ (nocking  a spore- turns  10(10-1200^ 
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Table  20-6.  Triggering  tine  and  release/tenpering  of  the 

relay  of  types  KDB  and  SB. 


0) 

Tan  pane 


KflPl 
KflPl-M 
KJIP2 
KflP3-M 
KflP4 
KAP5 
KJIP6 
KflP7 


I1"  m/f 

IS  I,  ih 


1.0  3,9  15-120  15  -2 

1.0  — 15-120  85-7 

0,88  — 14-100  10-1 

— 3,4  18-130  260-70 

— — 80—350  650-150 

— 3,0  15  - 260  650-150 

— 4,0  80  - 350  1000—  240 

— — 15  -260  1000-  240 


Keys  (1).  Type  of  relay.  (2).  Great  guantity  of  contact 
springs.  (3).  Power  of  function  i-  (4).  Noninal  power 

H.  (5).  Triggering  tiae  as.  (6).  Releasing  tine  j 

(7).  Releasing  tine  during  pulsed  operation  as.  (8). 

Duration  of  aonentua/inpulse/pulse  as. 
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Appendix  1. 


Table  ape cl fleet loas  aoae  standard  relays* 
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Keys  (1) 

voltage 

aaaber. 

actuation 

».  (10). 


. Type  of  relay 
or  current.  (4). 
(8).  Dia  aster  of 
voltage.  (8). 
a*.  (11)*  x- 


. (2).  Contact  group.  (3).  Nominal 

Resistor/resistance,  oh  a.  (5).  Turn 

elre#  an.  (7).  Current  or  the 
It  floesd  release/teapering,  at.  (8) 
(11a).  *-*.  ( 12)  • Failure.  (13).  b. 
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is  equal  to  0.102  kgf- 


Key:  (1).  Vxlue.  (2).  Letterings.  (3).  Designation.  (4). 

Dimensionality.  (5).  Designation.  (6).  It  contains  the 
systeas  of  the  nonr ationalized  unit  kgca.  (7).  rundasental 
units.  (8).  Length.  (9).  Meter.  (10).  ca.  (11).  Mass.  (12). 

Kilograa.  (13).  kg.  (14).  g.  (IS).  Tiae.  (16).  Second. 

(17).  s.  (18).  Current.  (19).  kapere-.  (19a).  Mechanical 
units.  (20).  Speed.  (21).  Meter  into  seconds.  (22).  a/s. 
(23).  ca/s.  (24).  Acceleration.  (25).  Meter  per  second  for 
second.  (26).  Energy,  work.  (27).  Joule  cr  wattsecond.  (28). 

kg«a*/s*  - J.  (29).  J.  (30).  erg.  (31).  force.  (32). 

Newton.  (33).  kg»n/s*  * J/a.  (34).  n.  (35).  dynes.  (36). 
Fower.  (37).  Matt.  (38).  kg«a*/s3  * J/s.  (39).  H.  (40). 

erg/s.  (41).  Electrical  ones.  (42).  voltage.  (43).  volts. 
(44).  kg«a*/A«s  = r.  (45).  v.  (46).  Quantity  of 

electricity.  (47).  Couloab.  (48).  A*s  * k.  (49).  k.  (50). 
Electrical  capacitance.  (61).  Farad.  (52).  A*«sVkg«a*  * 

A*s/V.  (53).  f.  (54).  Blectrical  constant.  (55).  Farad  per 

eater.  (56).  A*s«/kg*a  : pdJ-  (57).  F/a»  (58). 

Resistor/resistance.  (59).  Oha.  (60).  kg*a*/A*»s3  a V/A. 

(61).  oha.  (62).  Specific  resistor/resistance.  (63).  ohaaeter. 


(64).  kg*a*/A*«s*. 

(65). 

(66). 

Specific  conductivity. 

(6  7). 

Sieaens  to  meter. 

(68). 

S/a. 

(69).  Magnetic  units. 

(70). 
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Magnetic  flax*  (71).  Saber.  (72).  kg«e*/A«s*  - V*s.  (7  3). 
Mb.  (74).  Maxwell.  (75).  Magnetic  induction.  (76).  T.  (77) 
kg/A«s*  * V*s/e*.  (78).  el.  (79).  gauss.  (80).  Magnetic 


intensity. 

(81). 

Aepere  to 

eeter.  (82). 

A/e 

or  AV/n.  (83) 

oersted. 

(84). 

Inductance. 

(85)  . Henry. 

(86) 

. kg«e*/A*«s*  = 

V*s/A.  (87)  . H. 

(88) . nagnetoeotive  force. 

(89).  Aepere  or 

eagnetic 

turn. 

(90).  and 

or  AB.  (91). 

and 

or  AB.  (92). 

Gilbert. 

(93). 

Beluctance. 

(94).  Aepere 

to 

weber.  (95). 

A*«s*/kg»e*.  (96)  . A/ab.  (97).  ce.  (98).  Magnetic 

conductivity.  (99).  Meber  to  aepere.  (100).  vb/i.  (101). 
1/9*  10*  (ce).  (102).  Magnetic  constant.  (103).  Henry  to 

eeterw  (104).  kg«e/A*«s*  = V*s/e*«e/A'.  (105).  H/n. 
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